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FOREWORD 


This is Volume VI of the Man-Systems Integration Standards (MSIS) family of documents, which 
is contained in several volumes and a relational database. Each volume has a specific purpose, 
and each has been assembled from the data contained in the relational database. 

The tide and scope of the currently identified volumes are given below: 

Volume I - Man-Systems Integration Standards 

This document defines man-systems integration design considerations and requirements for 
development of manned space systems. This document is not limited to any specific NASA, 
military, or commercial program. 

Volume n - Man-Systems Integration Standards - Appendices 

This volume contains the appendices which pertain to Volumes I, ID, and IV, and is organized as 
follows: 


Appendix A 
Appendix B 
Appendix C 
Appendix D 
Appendix E 
Appendix F 
Appendix G 
Appendix H 
Appendix I 
Appendix J 
Appendix K 


Bibliography 
Paragraph References 
Glossary 

Abbreviations and Acronyms 
Units of Measure and Conversion Factors 
Unresolved Data Problems and Issues 
Acceleration Regime Applicability 
Videotape User’s Guide 

Standards Database Management System (SDMS) User’s Guide 
Keywords 

MSIS Recipients Listing 


Volume in - Man-Systems Integration Standards - Design Handbook 

This document, when available, will contain figures, tables, and other pertinent data condensed 
from Volume I. 


Volume IV - Space Station Freedom Man-Systems Integration Standards 

This document serves as the Space Station Freedom program contractually binding man-systems 
integration design requirements. The data in this document is a subset of the data found in 
Volume I and defines the firm requirements which are pertinent to the Space Station Freedom 
program only. 

Volume V - STS Man-Tended Payload Man-Systems Integration Standards 

This volume documents all the man-systems integration design requirements for the develop- 
ment of man-tended payloads to be serviced by the Space Transportation System Orbiter Vehicle. 
The data in this document are a subset of the data found in Volume I and define the man-sys- 
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terns interfaces which are pertinent to man-tended payloads to be serviced by the STS in both 
shin-sleeve and extravehicular orbital environments. 

Volume Vi - Assured Crew Return Vehicle Man-Systems Integrauon Standards 

This document serves as the Assured Crew Return Vehicle project man systems integration 
design requirements. The data in this documen is a subset of die data found in Volume 1 and 
defines the requirements which are pertinent to the Assured Crew Return Vehicle as defined in 
the SPRD. Additional data and guidelines are provided to assist in the design. 

MSIS Videotape • The videotape illustrates on orbit human engineering problems encountered in 
Gemini, Apollo, Skylab, and Shutde flights. 

MSIS Relational Database - This database can be utilized to develop topical data paragraphs 
based on up to three key words, tailored lists of requirements, a list of references for any para- 
graph, a system-specific MSIS, and many other lists and documents. 

Chapters of the MSIS family of documents are as follows: 

1. Introduction 

2. General Requirements 

3. Anthropometry and Biomechanics 

4. Human Performance Capabilities 

5. Natural and Induced Environments 

6. Crew Safety 

7. Health Management 

8. Architecture 

9. Workstations 

10. Activity Centers 

11. Hardware and Equipment 

12. Maintainability 

13. Facility Management 

14. Extravehicular Activity 
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1.0 INTRODUCTION 

1.1 PURPOSE 

This document provides specific information to be used to ensure proper integration of the 
man- systems interface requirements and guidelines with those of other aerospace disciplines. This 
document is intended for use by design engineers, systems engineers, maintainability engineers, 
operations analysts, human factors specialise, and others who are engaged in the definition, 
development, and integration of equipment to support the Assured Crew Return Vehicle. 

Only concise design requirements and guidelines considered applicable to the Assured Crew 
Return Vehicle project are provided. 

1.1.2 ACRV System Missions 

The ACRV System is described below in terms of its missions in the following order of priority: 

a. Return of one disabled crewmember of Space Station Freedom during reasonable medical 
emergencies. 

b. Return of Space Station Freedom crew from reasonable accidents or from reasonable failures 
of SSF systems. 

c. Return of Space Station Freedom crew during interruption of Space Shuttle launches. 

1.2 SCOPE 

This document establishes performance, design, development, and integration requirements for 
man-systems interfaces. 

1.3 PRECEDENCE 

Documents referenced herein shall form a part of this standard to the extent specified. In the 
event of apparent conflict between this standard and any referenced document, this standard shall 
take precedence. In the event of a conflict between this document Mid the ACRV System Perfor- 
mance Requirements Document (SPRD) JSC 34000 the ACRV SPRD will take precedence. 

1.4 HOW TO USE THE DOCUMENTS 

This document was extracted from the MS IS (Man-Systems Integration Standards, NASA-STD- 
3000 (M5IS)) relational data base in order to provide a man-systems requirements and guidelines 
document to the Assured Crew Return Vehicle (ACRV) project. In order to maintain continuity in 
section and figure numbering throughout the MSIS family of documents, paragraphs in the MS IS 
/olume I which are not considered directly applicable to this ACRV unique Volume VI are listed but 
indicated as not applicable in the body of this volume. This document contains a mix of design 
requirements anu guidelines to be considered by the design engineers for incorporation into their 
segment, elerent or design specifications. In cases where a requirement is directly applicable to 
the ACRV, it will be stated in the ACRV SPRD JSC 34000. It is recommended tb?t those designing 
hardware and systems for ACRV acquire a copy of Volume I of the MSIS because the considerations 
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and examples sections of each of the chapters in that volume contain background and supporting 
information which could be of considerable value in this design process. 

1.5 HOW TO USE THE STANDARDS RELATIONAL DATABASE - N/h 

1.6 DEFINITIONS AND ABBREVIATIONS 

A set ofbasic definitions is herewith established for orientation and simplification of organization 
and coordination of work. The definitions are followed by a set of updated names, agreed-tr 
abbreviations, and corresponding comments. 

1.6.1 Human Factbi'S/Trgonomlcs 

The terms Human Factors and Ergonomics are often used interchangeably. Both are concerned 
with the interaction of the operator and the task demands. However they have somewhat different 
focuses. Human Factors relates to the evaluation of all aspects of the capabilities and limitations of 
the human as these relate to the integration of man into the total man/machine systems complex. 
The principal goal is the enhancement of functional effectivity while maintaining or increasing 
human well- being (e.g. physical and metal health, productivity, safety, and satisfaction). Er- 
gonomics focuses on the measurement of the impact of systems design and integration on the worV 
output of the operator, v\ ith the goal of obtaining the maximum productivity with minimum fatigue. 
These evaluations mast include the users physiologic responses to physically and mental!; demand- 
ing tasks in an environment cf other stressors such as heat, noise, rnd vib' ation. 

1.6.2 Human Engineering 

Human Engineering (or Human Factors Engineering) is the systematic application of relevant 
data, principles, and practices of Human Factors and Ergonomics to the design of equipment, 
operations, and systems. Tnese data, principles, and practices come from a number of fields cf 
study, including: 

a. All anatomical and physiological systems tvith emphasis on sense organs and skeletal 
musculature, 

b. Anthropometry, 

c. Kinematics and dynamics of body motion, 

d. Physical work performance, 

e. Environmental stresses, 

f. Psychology, 

g. Sensory and perceptual behavior, 

h. Learning and training. 
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i. Motivation, and 

j. Sociology. 

1.6.3 Man -Systems Integration 

Man-Systems Integration applies the systems’ approach to the integration of the user and the 
"machine 4 to fc in an effective, symbiotic Man-Machine System. Hardware, software, and opera- 
tions development must take into account the limitations and capabilities of the human operator. 
Selection and training of personnel impacts all facets of Man-Systems Integration. 

1.6.4 Man-Machine Systems 

A Man-Machine System is a combination of one or more human beings and one or more physical 
systems that are integrated for the common purpose of performing a specific task. In this concept, 
the human is considered a component or subsystem of the huger system. These components interact 
within the system environment to bring about, from given inputs, some desired output The major 
elements of a system that must be addressed during system development are hardware and software, 
personnel, operating procedures, and technical data. 

1.6.5 Man-Machine Interface (MMI) 

The MMI is the interface through which the human is able sense the state of the system and 

environment and respond accordingly. This includes hardware, its spatial interrelationships, and 
the display of information. The latter indudes the modality, quantity, quality, arrangement, and 
organization of the information presentation. 

1.6:6 Human-Computer Interface (HQ) 

The HCI is die communication interface between the user and the computer. Since dera and 
information is transmitted and received via this interface, it is considered e matter of dialogue 
management. This is a software interface. To facilitate the real-time interactions between the user 
and computer, the HQ employs a variety of tools, including methods for moving between displays, 
windowing techniques, methods for selecting information from a display, user guidance, and 
interactive dialogue techniques. 

1.6.7 Interface Language 

Through the use of the interface lang .^e, the operator conveys commands or queries to the 
computer and the computer conveys reformation to the user. linguistic styles involve the use of 
menus, windows, forms, etc. 

1.6.8 Habitability 

Habitability may be defined as those provisions of the facility designed to provide an environ- 
ment which enhances crew comfort, mental well-being, productivity, and safety. The basic level of 
habitability deals with the immediate environment, including dimate, food, noise, L'Y.it, etc., that 
influence die human psycho physiologic response. 
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The extended level of habitability is introduced to take care of the long-term condition of the 
on-orbit stay time and shall support not only the individuals’ physical ueaith but also the men- 
tal/psychological health because experience has shown that with the passage of time deleterious 
effects of isolation and confinement gain prominence. 

16, 9 Anthropometry 

Anthropometry is the study of body dimensions. Anthropometric data Ms into two categories: 

a. Static anthropomeoy, which deals with simple dimensions of the stationary human; e.g., 
weight, stature, and the lengths, breadths, depths, and circumferences of the human body. 

b. Dynamic anthropometry, which deals with the body dimensions during motion; e.g., reach 
and angular ranges of various joints. 

1.6.10 Biomechanics 

Biomechanics is the application of the principals and techniques of mechanics to define the 
capabilities, functions, and structure of living organisms (humans). Ergonomic applications deal 
with the mechanisms, range, and accuracy of human movement, as well as strength (force), speed, 
and endurance of the human body, 

1.6.11 Physiology 

Physiology is the study of the function and vital processes of the total organism, including how 
the body performs. 

The study of ergonomics provides information on how work and exposure to the working 
environment affect the normal working of the body . This is accomplished through the measurement 
of the costs (energy, time, fatigue) of human adjustment to work, as this is influenced by the 
environment and/or the modification of working conditions, to enhance the efficiency of the worker. 
The goal of ergonomics is to reduce fatigue, physical stress, increase comfort, and reduce monotony 
or boredom. 

1.6.12 Psychology 

Psychology is the study of the functioning of the mind and mental operations, especially as they 
are shown to affect human behavior. Particular emphasis is pLud on psychomotor skills (acquired 
abilities to perform tasks with the muscles in response to sensory stimuli, involving learning and 
feedback), perception, mental abilities, and mental workload. 

1.6.13 Sociology 

Sociology is a study of those factors which deal with human interfaces and the impact on group 
and interpersonal behavior. Some of these factors, which impact group dynamics, include educa- 
tional ethnic origins, background, cultural mores, religion, and authority interfaces. 
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1.6.14 Occupational Health (Industrial Medicine) 

Occupational health (industrial medicine) der' ,.ith the physical and mental health effects of 
a person's job and the working environment 

1.6.15 Environment 

The environment includes all external factors that affect the human being, such as 

a. Climate. 

b. Vibro-acoustics. 

c. lighting. 

d. Working/Irving space. 

e. Psycho-sodo-cultural environment. 

f. Gravity (hyper, normal, hypo, micro) 

g. Radiation. 

h. Potentially hazardous factors, such as : Microorganisms, noxious/toxic compounds, and/or 
waste contamination (trash, body, etc.) 

Many of these factors overlap or interact with each other. 
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2.0 GENERAL REQUIREMENTS 

2.1 INTRODUCTION - N/A 

2.2 GENERAL DESIGN CONSIDERATIONS - N/A 

2.3 GENERAL DESIGN REQUIREMENTS • N/A 

2.3.1 Simplicity Design Requirements 

The design shall be as functionally simple as possible consistent with the functions desired and 
the expected service conditions. 

2 3. 2 Standardization Design Requirements 

The ACRV man-machine interfaces shall be standardized to the following design requirements: 

a. Hardware Operation Standardization - The operation of crew-use equipment in the ACRV 
shall functionally perform in a manner similar to that of the Space Station Freedom (SSF) 
hardware. 

b. Computer Procedures Standardization - The operating procedures for the use of an ACRV 
computer shall be similar to that of SSF user/computer procedures. 
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3.0 ANTHROPOMETRY AND BIOMECHANICS 

3.1 INTRODUCTION - N/A 

3.2 GENERAL ANTHROPOMKTRICS AND BIOMECHANICS RELATED DESIGN 
CONSIDERATIONS - N/A 

3.3 ANTKROPOMETRICS AND BIOMECHANICS RELATED DESIGN DATA 

3.3.1 Body Size 

3.3. 1.1 Introduction - N/A 

3.3. 1.2 Body Size Design Considerations - N/A 

3.3. 1.3 Body Size Data Design Requirements 

The data in this section shall be used as appropriate to achieve effective integration of the crew 
and the Assured Crew Return Vehicle (ACRV). 


Dimensions cf the projected year 2000, 40 year old American male and the 40 year old Japanese 
female are given in Figure 3.3.1.3-1. These dimensions apply to a specific posture in 1-g conditions 
only. Dimensions expected to change significantly due to weightlessness are marked. Notations 
regarding these dimensions are at the end of the Figure. 

3.3.2 Joint Motion 

3.3.2.1 Introduction - N/A 

5.3.2.2 Joint Motion Design Considerations - N/A 

5.3.2.3 Joint Motion Data Design Requirements 

The data in this section shall be used as appropriate to achieve effective integration of the crew 
and the Assured Crew Return Vehicle (ACRV). 

S.3.2.3. 1 Joint Motion Data, Single Joint Design Requirements 

Figure 3 3.2.3. 1-1 shows single joint movement ranges for both males and females. 
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Note* 


X) M»*?uraja*nt cUta - The number* adjacent to each of the dimension* 
are reference codes- The asms codes are in Voles* II of Reference 15. 
Reference 16, Volume II, provide* additional data for these 
measurement* plus an explanation of the measurement technique. 

B) Application of dimension* to microgravity condition?!: 

Q Stature increase* approximately 3$ over the flrat 3 to 4 daya in 
weightlessness isos rigure 3. 2. 3. 1-2). Almcat all of thia change 
appear* in the spinal column, and thua affect* (increases) other 
relatad di»en*ic-*, auch as sitting height (buttock -vertex ) , 
shoulder height - aittmg, eye height - sitting, and all 
dimension# that delude the spine. 

® Sitting height would be better named as buttock -vertex in 

■icrcgravity condition*, unlea# the crewoe^hw. ware aeaaured with 
a fir* pressure cn shoulder* preaaing him or her against a fixed, 
flat ’sitting'’ support surface. All sitting dimensions (vertex, 
eye, shoulder, and elbow) increase in weightlessness by two 
changes: 

a) Relief of pressure on the buttock surface* (estimated increase 
of 1.3 to 2.0 cm (0.5 to 0.3 inches) . 

b) Extension of the spinal column a* explained in note 1 above 
34 of stature on ground. 
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Figur* 3.11.3-1 Body SUo of the dO-Yosr-Old Amo^csn Mai* and 40-Yaar-0ld 

Ja&anas* Faaaia for Year 2000 In On # Gravity Conditions (continued) 
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Notes 

A) Measurement dat* - The numbers adjacent to each of the dimensions 
are icference codes. The same code* are in Volume II Reference 16. 
Reference 16, Voluae II, provide* additional data for these 
measurement* piut an explanation of the measurement technique. 

S) Application of dimension* to aicrogravity conditions: 

'T' Stature increases approximately 3% over the first 3 to 4 days in 
weightlessness (sae Figure 3. 2, 3. 1-2). Almost all of this change 
appears in the spinal column, and thus affects (Jncrea?os) other 
related dimensions, 3uch as sitting height (buttock-vertex), 
shoulder height - sitting, eyo height - sitting, and all 
dimensions that include the spine. 

( 'j) Sitting height would be better named as buttock-vertex in 

microgravity conditions, unless the creunember were measured with 
a firm pressure on shoulders pressing him or her against a fixed, 
flat "sitting* support surface. All sitting dimension* (vertex, 
eye, shoulder, ana elbow) increase in weightlessness by two 
changes: 

a) Relief of pressure on the buttock surfaces (estimated increase 
of 1.3 to 2.0 cm (0.5 to 0.8 inches). 

b) Extension of the npinal column as explained in note l aoove 
3% of stature on ground. 
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Figure 3.3.1.3-1 Bod/ Slz « of the 40- Year-Old American Male and 4Q-Ye*r-Qld 

Japanese Female for Year 2000 in One Gravity Conditions (coni f " i, ed) 
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Notes : 

A) Measurement data - Th® number* adjacent to each of the dimensions 

arc reference codes. The same code* are in Volume ll of Reference 16. 

Reference 16, Volume II# provide* additional data for the*® 

measurements plus an explanation of the measurement technique. 

B) Application of dimension* to microgravity condition* : 

© Stature increase* approximately 3% over the fir#t 3 to 4 day* in 
waightlenaneso (see Figure 3. 2.3. 1-2). Almoat all of thi* change 
appear* in the spiral column# and thus effect* (increase*) oth*r 
related dimension*, auch as fitting height (buttock-v*rtex) , 

•houlder height - sitting# ©ye haight - sitting, and *13- 
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to relief of the pressure on the heel which it occur* when it 
measured on the ground. The increase i* probably not more than 
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Figure 1.3. 1.3-1 Body Slz& of the 4G-Y**r-0fd American list* and 4Q-Y**r-Qld 

japan*™ Fame!* for Y*ar 2GGG In On* Gravity Conditions (Continued) 
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B) Application of dimension* to oJorogravity conditions: 
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to relief of th* pressure on the heel which ic occurs wher it 
measured on the ground. The increase is probably not more than 
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709 (27^ 

71.1 pao) 

n ^ 

Cel 

Si (10.0) 

ms (U4) 

3-L3 02.7) 


103 

KSQnOVilMN 

%IA (12J) 

35.7 (14.1) 

300 (154) 

0 

*40 

Wiiaiwt 





rm 

asyedhT'^wsoi: 

38.5 (18.7) 

39.1 (142) | 

MJ (1S.7) 

L m 

euttockfltajmfmrai 

7EJ (31.5) 

87.1 (34 4) j 

*4.3 (37.1) 

0 0 

312 

i Ebowf rrtt 

3X7 <*2) 

2M (9.0) 

2W (Hi) 

n..-r 

m 

| Thighctowaw 

1U (O) 

{ 12.9 (5.1) 

145 <5.7) 


sii 

Ponaativhaftd length j 

3/J (14.7, 

41.7 (15.4) 

44.9 (17.6) 

f 

200 

& r <vk-pc*Asai length 

37J (VW) 

41.7 (1M) 

46JS (17J) 


cz 

Notes 


Vfii^inofn^IrK^inpartntifVE^ 


A) Measurement data - The nuaoere adjacent to each of tne dimensions 
sr'j refarerce cod^a. The sane coda* are in Volume U of Reference 16. 
Reference IS, Volume XI, provide® additional data for th««« 
measurements ;-lw» an explanation o l the measurement technique. 

8) Application oa dimension* to aicrogravity conditions: 

© Stature incieeaee approximately 3% over tha firat i to < days in 
weightlessness (a*„ Figure 3. 2. 3. 1-2). Almost all of this change 
appears in the spinal colirsm, and U.y* affects (increaaea) other 
related diEvansicna, such as sitting height {buttosfc -vertex) , 
shoulder height - sitting, eys height - sitting, and all 
dimensions that Include the epina. 

@ Silting height would b« bettor named at butteck- vertex in 

xucrogravity conditions, uxUsss the crewmember were meuau-.ad with 
a firm pressure on shoulders pressing hi* or liar animat a fixed, 
flit "sitting* support surface. All silting ett^naion* (vert 
eye, shoulder# and elbow) increaao in waight 1 ^aaneaa by t*#o 
changes* 

a) Relief of pressure on the buttock surface* <®ati*at»d increase* 
of 1.3 tc 2.0 caa <0.5 to 0.6 itefaa). 

bl Ext*n*ior. of tr -spinal cmaan as explained In not* 1 abo ,? o 
3% of stature o: ground . 
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40 - Y «ar'Old Awtrlcm MaU 





Mierograviy rotas 

**>. 


5ih parconttta 

SOtnparcaraik 

65 th pSits^iXite 


W9 

Waist height 

t00.4 (32.5) 

10C5 (426) 

1UL2 (45.7) 


249 

Cx*cn height 

79,4 (3 !5) 

88,4 (34.0) 

83J (33.7) 


215 

CaJf height 

325 (12.8) 

3812 (IO) 

40.0 (15.7) 


1C3 

BlacroftJal breadth 

17.# (14.#) 

41.i 

445 (175} 

O 

MS 

Watat front 

$7.2 (14.8) 

40.0 (Ita.i) 

44.6 (17.5) 


735 

Scy# t *e. rferanca 

44.4 (175) 

49.0 (165) 

sas ( 2 i.i) 


' 178 

3tmock circunrfsrancs 

91.0 (35.8) 

tQC.2 (36.4) 

(06.4 (43.1) 

O 

© 

ESI 

£l»w rest hwght 

21.1 (95) 

25.4 (10.0) 

I 29 7 (11.7) 


#56 

Thigh dsfe'anct 

145 (5.7) 

18.S (6.8) 

r — 

18 1 (75) 


381 

Forearm -hand length 





200 

buixfc-popa#*; iengtn 

48.6 (18 S) 

51.2 (20 2) 

SS5 (21.9) 


V**m r. cm with tnche* in paremhasta 

Notes — ““ ~~ 


A; Measurement oata - The numbers adjacent to each cf the dimensions 
are reference codes. The same codec are in Volume II of Inference 16. 
Reference 16, Vclvuna II, provideo additional data *or t K «ee 
measurements plus mu explanation of the ©easv'-eme^c tec.nique. 

B) Application of dimensions to aicrogravity conditions: 

Q) Stature increase* approximately 3% over tne first 3 to 4 days in 
weightlessness (see Figure 3. 2. 3. 1-2)* Almost all of this change 
appears in tha spinal column, and thus afiocts (increases) other 
related dimensions, such as sitting height (buttock .artex), 
shoulder height - sitting, eye height - sitting, and all 
dimensions that include the spine. 

@ Sitting height would be better named as buttock-vertex in 

microgravity conditions, unless the crewmember were measured with 
a firm pressure on shoulders pressing him or her against a fixed, 
flat "sitting" support surface. All sitting dimensions (vertex, 
eye, shoulder, ar.o elbow) increase in weigh ^asness by two 
changes: 

a) Relief of pressure on the buttock surfaces (estimated increase 
of 1,3 to 2.0 c* (0,5 to 0.8 inches). 

b) Extension of the spinal column as explained in note 1 above 
3% of stature on ground. 
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4G-Y«nr-Qld Jjpincs* FumjI* 



J2J „ 



kOcr.^o-'cviy rate* 


Dsh»ntio*i 

Sbpefctrfto 

SCthpa-v^So 

9£ih pofwntiia 

G G 

23 

>rrcxnial [wcuteu) bright 

116ft (47.1) 

127.1 (510) 

IMi (S3.0) 


m 

Trociwfr*rt haighi 

71,0 {210) 

747 t&2) 

*2.4 tf£$) 


m 

7toU!a height 

368 (14.1) 

363 (15 Jtf) 

427 (16.1) 

_ „ J 

122 

(ihcaidw) bf%a<fcn 

363 (140) 

iSL» (113) 

42.1 (166) 

1 

i 

223 

Ch*fckr®«#» 

245 (8.7) 

24ft (10-5) 

240 (11.4) 

! 

~EI 

Hip branch 

303 (12.0) ■ 

32.® (12.9) 

363 (13.3) 


166 

Bizygomatic flaw) breadth 

m | 

143 (5.7) 

167 (12) 


427 

Head breadth 

144 (5.7) 

16.6 (6.1) 

16ft (6.0) 


*»3 
• *• 


Vikim in crn with In 


Notes: 


A) Heasurement data - Ths numbers adjacent to each of the dimensions 
are reference codes. The same coda* are in Volume II of Reference 16. 
Reference 16, Volume II A provides additional data for these 
measurements plus an explanation of the measurement technique, 

b} Application of “-mansions to microgravity conditions: 

(l) Stature increases approximately 3% over the first 3 to 4 days in 
weightlessness (see Figure 3.2, 3.1-2). Almost all of this change 
appears in the spinal column, and thus affects (incre&aes) other 
related dimensions, such as sitting height (buttock-vertex), 
shoulder height - sitting, eye height - sitting, arid all 
dimensions that include the spine. 

( 5 ) Shoulder or acromial neight, sitting or standing, inct*ases 
during weightlessness due to two factors: 

a) Removal of the gravitational pull on the arms. 

b) Extension of the spinal column as explained in note 1 above 
<3% of stature on ground) . 
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Figure 3.3J.3-1 Body Size of the 4C-Ye* r ~Qld American Mah end 40-Year Old 

Japanese Female for Year 2000 In One Gravity Conditions ( Continued J 
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40-Yesr**0ld American Mats 



Microgravly tvAm 

Hx 

CkTWNwbn 

5th percents 

SOthparcsntta 

DSthpwt wttfla 

® O 

23 

Acromial {th&fider ) height 

198.0 (54^ 

147.8 (58.1) 

1575 (815) 


m 

T rochWTt*rieh#tghi 

885 (34.8) 

86.8 (37.8) 

102.8 (40.5) 


trs 

TbwIahaigH 





122 

Bidatob (thouidor) breadth 

44.8 (17.8) 

48.8 r®5) 

612 (20.8) 


I 222 

Ghost broadth 

29.7 (11.7) 

3X2 (13.1) 

38.7 1 1%.4) 

i 

457 

Hip breadth 

327 (12.8) 

36.8 (14.1) 

38.0 (155) 


185 

Bizygomatic (taco) breadth 

13.4 (64) 

145 (5.8) 

15.1 (8.0) 


427 

HeaGbnwrnh 

145 (5.8) 

15.7 {X3) 

188 (85) 


Vakrn J\ cm with Incha* an peranthMat 


Notes : 

A) rteasuroment data - The numbers adjacent to each of the dimensions 
aie reference codes. The saw codes are in Volume II of Reference 16. 
Reference 16, Volume It, provides additional data for these 
measurements plus an explanation of the measurement technique. 

B) Application of dimensions to mierogravity conditions; 

© Stature increases approximately 3% over the first 3 to < days in 
weightlessness {sea Figure 3. 2. 3. 1-2). Almost all of this change 
appears in the spinal column, and thus affects 'increases' other 
relates dimensions, such at sitting height (buttock-vertex ) , 
shoulder height - sitting, eya height - sitting, and all 
dimensions that include the spine, 

Q) Shoulder or acromial height, sitting or standing, increases 
during weightlessness due zu two factors: 

a) Removal of the gravitational pull on the arms. 

b) Extension of the spinal column as explained in note * above 
(3% of stature on ground) . 
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Japanese Fenah for Year PDOO in One Gravity Conditions (Continuedj 
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40- Y gar -Old Japing so FewaU 



Microgravty rtotM 

No. 

~ 

Obruntbn 

r- — " — B — 

SthparovTtife 

— 1 

50th pencandh 

95th parcsntJb 


747 

Shouk^ditx*Ttfar«K» 





230 

Ch««t ircurrfftf* tk» 

TZ2 (28,6) 

02. 1 (323) 

90.9 (35.3) 

<5> 

*31 

W Jet ctfcurcfswo* 

J5.3 (218) 

332 (24.9) 

71.? (Z5.0) 

® 

£52 

Thigh cteumtertoc® 

(17.9) 

51.6 (203) 

57,7 (2?,7> 

I © 

515 

Kne* drcurrtoranc® 

51.0 (12-2) 

34.C (13.8) 

312 J1&J1 

© 

207 

Cal arc urrtamrs* 

303 (11.9) 

34,1 (13 4) 

37 J (14.9) 


113 

Biotpt arcurntemssca, rel««tf | 

gi .t ;a.«) 

25.5 (10.1) 

2913 (115 ) 


967 

Wrkl ctoc^nfamno® 

13.7 <$J) 

15.0 (5.8) 

112 (6.4) 


111 

Bi&pi drnuninrttya*, ftoxtg 





369 

Pom arm evrymtemne* miaxed 

19.9 (7.6) 

220 (9.7) 

24.1 (9.5) 

in cm with inch*e in percrthtm 


Notes * 


A) Measurement data - The numbers adjacent to each of the dimensions 
are reference codes. The same cod** a are in Volume II of Hefei ce 16, 

Reference 16/ Volume II, provides ** iitlcnal data for these 
measurements plus an explanation of the measurement technique. 

3) Application of dimensions to microgravity conditions: 

© Leg circumferences and diameters significantly dcscr^ae during 
the first day in m.icrogravicy • See Reference 16, Appendix C } for 
detail s and measurements of actual persons, 

© Waist circumference will decrease in microgravity due to fluid 
shifts to the i’ppe^ touo. See Figure 3.2. J. 1-2 for measurements 
n actual persons 

Rof»rcnc«: 274, pigo 121-128 
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Figure 3.3.1.3-) Scdv Size of the 40- Year-Old American Hale and 40- (ear -Old 

Japanese Female for Year 3000 In One Gravity Ccnoitlons (Continued) 
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40 -Y«ar-QId American Malt 



Miaugncvfcy notM 

No. 

Oi*n*ri&*uu 

5thpttCMtfla 

50th pefcsrrtfl# 

96thp«o«ti« 


747 

ShoukTSf efreumto ones 

1093 (43.1) 

119-2 (46.9) 

128.1 (50.7) 


230 

Ch#«t dreumfsranoa 

39.4 £5.2) 

100.0 (36,4) 

110.6 (43.6) 

r 

8?1 

Wctfcrt dreornfarsnea 

>7.1 (30.3) 

895 (35^) 

101,9 (40. 1) 

© 

&S2 

Thigh drcvfrfarsno* 

52-5 (20.7) 

60.0 (23 6) 

£7.4 rssl) 

0 


Xns# drcurrftftnoo 

35.8 (14.1) 

39,4 (15-53 

429 (18.9) 

© 

207 

CkU dra’mfaftnoa 


37.8 (14.E) 

41.4 (183) j 


113 

Bioapa cGvumiw+no*, rc^usd 

2A3 (10.7) 

31.2 

36.1 (13-8) 


967 

Wrfct circus crane# 

1612 (4.4) 

17.7 (7.0) 

19.3 (7.6) 


ttI 

Bc«pi ckcumUranca, fisxth 

29.4 (11.6) 

332 (13.1) 

36.9 (145) 


369 

ForeAHndfcurnfftfflnca, rttacad 

27.4 (10.3) 

30.1 (11J) 

32.7 (12.9) 


Viiute ;n cm with inchat in parartihaM 


“■ \ 
\ 


\ 

i 


? 


Notes : 

A) Measurement data - The numbers adjacent to each of the dimensions 

are reference codes- The same codes are in Volume II of Reference 16. 

Reference 16, Volume II, provides additional data for these 

measurements pluc an explanation of he measurement technique. 

B) Application of dimensions to microgrravity conditions: 

© Leg circumferences and diameters significantly decrease during 
the first day in raicrcgravity . Sea Reference 16, Appendix C, for 
details and measurements of actual perrons. 

Q) Waist circumference will decrease in microgravity due to fluid 
shifts to whe upper tor:o. See Figure 3.2. 3. 1-2 for measurements 
on actual personr . 

R»f«i «r.c«: ?'M, page 121-126 
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Figure 3 . 3 . 1 . 3-1 Body Size of the 40 -Y»ar-Old American Vale and 40 -Year- Old 

Jap r ;s« Female for Yesr 2000 In One Gravity Conditions ( Continued 1 
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hASA-STX>3000/VOLVI 



M*crognv1ty ndet 

r — ■» 

Na 

Dimension 

5th percentile 

SOchperceraS* 

OSth peroa rsSe 

■ 

07 

ThumMp reach 

SESt &S.7) 

71J (762) 

710 (30.7) 


772 

Siaeve length 





441 

Head length 

18.7 {6.85 

162 (72) 

160 (7.7) 


450 

Head cacwr4afw>ca 

53.2 CM.9) 

S5J? <21.7) 

5?-*> 32.5) 


o36 

MentoMefcn (faw) length 

6.0 {35) 

10.8 (42) 

12.3 (5.0) 


362 

Fox length 

21 3 (S4) 

22.9 (60) 

24.4 (9.0) 

L 

I 356 

Foot breadth 

60 £3.4) 

fi A (67) 

10.0 &X) 

L 

I E 

Bel erf tot circumference 

21,0 (63) 

22.7 (69) 

243 (9.6) 


Vsftjas in cm wrth inch m In pEantheea* 


Notes: 

Measurement data * Thee nu£b«rft adjacent to «ach of the dimensions ar« 
reference; codes. The s&a*e codes are in Vox’^me II of Reference 16 , 
reference 16, Volume IX, provides additional data fox tbea* 
measurement a plus an explanation cf the measurement technique, 

Sefersnct: 7,74, Page 121-128 2 
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Figure 3.3.1.3~1 Body Size at the 40-Year-Gid American i tale and 40- Year-Cld 

Japanese Female for Year 2000 In One Gravity Conditions ( Continued ) 
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NASA-STD-30GC/VOL.VI 


iO***<>cr“Old American Male 


Micrognwity notaa i hb. 


87 


Dimeneixi 


Thumb-tip reac^ 


Sleeve length 


Head length 


Head circumference 


Memorveetlon (face) length 


Foot length 


Foot breadth 

Beil of loot circumference 


5tn percentile 


7e.fi (29.5) 


a *2 (33.fi) 


55.5 (21.6/ 


11.1 (4.4) 


25.4 (10.0) 


fi.O (3.6) 
23.1 <9.1 ) 


'Oih i 35th persantfcs 


ai.s (3L<) 


92.0 (38.2) 


57.1 (228) 


12.1 (4.8) 


27-3 (10.8) 


_as£ 

PH-7? 

27.9 

(385) 

21.1 

(*.3) 

50-2 

(23.7) 

13.1 

(5i) 

29.3 

(115) 


25.1 (fi.9) 


27.2 (10.7) 


VakiM in cm with inches in cw*'tth«MS 


Measurement data - The numbers adjacent to each of th^ dimensions are 
reference codes. The same codes are in Volume II of Reference 16. 

Reference 16, Volume II, provides additional data for these 
measurements plus an explanation of the measurement technique. 

Refaronce: 274, Pag* 121-126 2 
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Figure 3.3 J. 3-1 Body Size cf that 40- Year-Old Amsrlctn Male and 40- Year-Old 

Japanese* fetaale for Year 2000 In One Gravity Gond»'t*?:t$ (Continued} 
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Fig ura 

r 

; 

Range of motion (degrees) 


Jant movement 
(note b) 

Malta (note a) j 

Femafee (note a) j 

5:h percent ie 

95th percent!* 

5jfc parcartito 

95th peroentie 

0 

Nftckroutfen rtgh; 

7X3 

99.6 

74.9 

106.6 

i .... _ _ 

Neck. rotation left 

74.3 

99.1 

7X2 

109.0 


Neck, fWxon 

34.5 

71.0 

4X0 

64.4 


Neck, extentbn 

85.4 

10X0 

64.9 

10X0 

© 

Nock, &«r«! ngftt 

34.9 

63.5 

37.0 

63 2 


Neck, latent' Wt 

35.5 

83.5 

29.1 

772 


ShoUd#r, abductor. 

1 73.2 

ies.7 

17X6 

19X9 

(?) 

Shoulder, rotation (at 


96.7 

53.8 

85J 

Si/ 

— 

Shoulder, rota^on mad 

| 

12X6 

95.8 

130.9 


Shuulder, flextar 

164.4 

210.9 

152.0 

217.0 

Shoulder, extension 

39. 1 .’, 

63.3 

33.7 

87J 


Elbow, flexion 

140S 

159.0 

144.9 

165.9 

0 

Forearm, pronaton 

?a_2 

11X1 

\ | 

12.3 

| 

118.9 


rcrearm, equation 

83.4 

L. 12S - 8 i 

90,4 

1 

139.5 

0 

Whet, radial 

I 

16.9 

36.7 

1X1 

36- 


Wnst, uinar 

1X6 

47.9 

215 

43.0 

■s 

Whr, flexion 

| 

6i£ 

94.8 

6X3 

98.1 

■ii 

Wn*L extension* 

40.1 

78.0 

4X3 

74.7 

L © . 

Kip, flesbn 

116.5 

10.0 

118.5 

145.0 


Hip, abduction 

26.8 

53.5 

272 

65.9 


Knee, flex bn 

1164 

145.6 

125.2 

<4X2 


Ankle, ofantar 

3X1 

79.8 

44X 

81.1 

0 







Ankle, dorei 

XI 

19.9 

8.9 

t 

17.4 

1 

» — 


Refarane*: 355, Figure3711 U)713 
111 

Kzl?*- a. Data was tak an 1 979 and 1 980 a: NASA-JSC by Or. Wwliam Thornton ard John Jedcoon. The rtudy was made 
w iir.j 1 92 males ,jan age 33) 22 female* (mean age 30) astronaut eandidiiaa (sea Reference 385) 
b. Limb range a ave , „ * o ; nght and left limb movement. ^ « 

*° 
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Figure 3.3.2.3.1-1 Joint Movement Ranges for Males and Females 
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Horizontal Abduction C85 



Shouldor Petition. 
Lattrsl CA). Kodiai CB) 



ExUnjlor (8) 


FWlwcnc*. 335, Figuf**7l 1 to7l3 th UpdiU* 

ill 



Exlmslon £6) 


Not#*: Daiawaatakan 1 97$ and 1 WO ■! NASA^'SC by Dr. WHU»n Thornton and John Jackaon. Th« w wad# u*mg 

192 rnaJaa (mtar. aga 33) 22 famalas (maan 30) aeronaut candidal#* <*#* Pateanca 365) 


Figure 2.3.^. 3.1-1 Joint Movement Ranges for Mahs and Females IConVnued ) 
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Wrirt Ulnar Bend (A), 
R Bend (B) 



Wrist fwxkxi vA], 
Eransien (0} 



Xan Flexion, Prone 



Hip Adduction (A), 
Abdufition {8) 



A/dcis Piar.ttf Ext»o<»on (A), 
DortJ Flexion (B) 


Relerenco: 365, Flgurac 71 1 to 713 
111 

Net**: Data wat taxer, 1 379 tnd 1 980 at NASA-JSC try Df. WHUm Thornton and John Jackson. The study was mad* ’ **ing 

192 main* (mean age 33) 22 ! amain* (nvtar age 30) «ironaU candidate (see Reierorc* 365) 


Figure 3.3.2.3.1-1 


Joint Ho v event Ranges for Males and Females ( Continued ’) 
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3.S.2.3.2 Joint Motion Data, Two Joints Design Requirements 

The range of movement for two joints is given in this paragraph. The changes in range of motion 
of a given joint when supplemented by the movement of an adjacent joint are summarized in 
Figure 3.3.2.3.2-1. The following information is given in this Figure: 

a. Single Joint Movement Baseline Range -The baseline values of given joint motions with the 
adjacent joint in neutral position. 

b. Effect (in Degrees) of Movement of an Adjacent Joint - The increment or decrement which 
takes place when an adjacent joint is flexed or extended in varying amounts (1/3, 1/2, 2/3 
and/or full). 

c. Effect (in Terms of Percent of the Baseline Range) of Movement of an Adjacent Joint 

3.3.3 Reach 

3.3.3. 1 Introduction - N/A 

3. 3 3. 2 Reach Design Considerations - N/A 

3. 3. 3. 3 Reach Data Design Requirements 

The data in this section shall be used as appropriate to achieve effective integration of the crew 
and the Assured Crew Return Vehicle. (See section 4.10 for Effects of Deconditioning.) 

3.3.3.3.1 Functional Reach Design Requirements 

Equipment and controls required to perform a task shall be within the reach limit of the 
crewmember performing the task. The following is the functional reach limit data for persons 
wearing non-restrictive clothing. (For additional restrictions due to the crew deconditioned effects, 
refer to section 4.10, Deconditioned Crew Capabilities). 

a. Torso Restrained Reach Boundaries -The functional reach boundaries for males and females 
with their shoulders against a flat backrest are given in Figure 3.3.3.3.1-1. The functional reach 
boundaries apply to tasks requiring thumb and forefinger grasp. Figure 3.3.3.3.1-3 defines 
adjustment for other grasp requirements. 

b. Waist Restrained - Adjustments can be made to the data in Figure 3.3.3.3.1-1 for bending at 
the waist to achieve differenc back rest angles. Figure 3.3 .3.3. 1-2 provides data for making these 
best angle adjustments. This data applies to 1-g conditions only, and requires adjustments for 
spinal lengthening in microgravity. 

3.3.4 Neutral Body Posture - N/A 
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Full range 
of A 
{degrees) 

Change in range of 
movement of A {degrees) 


Movamtnt of B (fraction of full rtnge) 

Two-joint movement 

Zero 

1/3 

1/2 

2/3 

Full 

Shoulder extension (A) 
with elbow flexion (B) 

59.3 deg 


+1.6 dtg 
(102.7%) 


+0.9 dtg 
(101.5%) 

+5,3 dtg 
(108.9%) 

Shoulder flexion (A) 
with elbow flexion (31 

180.7 deg 


—24.3 d«9 
(86.0%) 


-36.1 dtg 
(81.0%) 

-47.4 dtg 
(75.0%) 

Elbow flexion IA) with 
shoulder extension (A) 

152.2 deg 



-3.78 dtg 
(97.5%) 


-1.22 deg 
(99.2%) 

Elbow flexion (A) with 
shoulder flexion (B) 

1 52.2 deg 


-0.6 dog 
(99.6%) 


-0J dtg 
( 89.5%) 

-69.0 dsg 
(54.7%) 

Hip flexion (A) with 
shoulder flexion (3) 

53.3 deg 

-35.6 dtg* 
(33.2%) 

- 24.0 dtg 
(55.0%) 


- 8.2 dtg 
(88.4%) 

-12.3 dtg 
(78.9%) 

Ankle planter flexion(A) 
with knee flexion(3) 

48.0 deg 


-3.4 dtg 
(92.8%) 

1 

+0.2 dtg 
(100.4%) 

+ 1.6 dtg 
(103.3%) 

Ankle doriiflexion (A) 
w th knee flexion (B) 

26.1 deg 


- 7.3 deg 

(72.0%; 


- 2.7 dtg 
i89.7%) 

- 3.2 dtg 
(87.7%) 

Knee flexion f A) with 
ankle plants flexion(B) 

127.0 deg 



-9.9 dtg 
(92.2%) 


-4.7 dtg 

(96.3%) 

Knee flexion (A) with 
ankle dorsiflexion (B) 

127.C deg 





- 8.7 deg 
(92.0%) 

Knne flexion (A) with 
hip ftexion(B) 

127.G deg 


! 

-19.6 deg 
(84.6%) 
1 

1 

- 33.6 dtg 
(73.5%) 


# TH* knee joint {$ locked end the unsupported leg extends out in front of the subject. 


Reference: 16, peget Vi-12 to VMS 
Note: 

The following it an example of how the Figure it to be used. Tha first entry is reed as follows: the shoulder can 
be extended as far as 59.3 degrees (the mean of the subjects tested) with the elbow in t neutral position (locfcH 
in hyperextension). When shoulder CAtensiou was measured with the elbow flexed to 1/3 of it* full joint range, 
the mean value of shoulder extension was found to increase by 1.6 degrees, or 102.7% of the base value. The 
results for other movements and adjacent joint positions an presented in a similar manner. 


Figure 3.3.2.12-1 Change In Flrnge of Movement With Movement in Adjacent Joint 


ffHZ tA 


NASA-STD-3000/VOL.VI 


Horaonf < Plan# 



— gthparctrrtHi outer boundary ind 

inner boundary (tanner cur/s) 

50th percentile outer boundary 

- - _ * 55th pereantlte outer boundary 

Rafersncr. 310 t Pag ss 35 to 52 

NOTES: 

a. Gravity conditions - the boundaries apply to 1-G conditions on' 
Hicrogravity will cauae the spine to lengthen, and adjustments should 
be made baeed on a new shoulder pivot location . 

b. Subjects - the subjects used for this study aro representative of 
the 1967 Air Force population estimates defined in Reference 16, 

Chapter III 

c. The Seat Reference Point (SRP), defined as the origin point for 
all resch limit measurements, is located at the junction of two 
planes which define the seat back and the seat pan, and a third plane 
which precisely bisects the subject’s body front to back. 

d. Each of the following diagrams represents a horizontal plane in 
which the reach limit of the subject (men, women) is determined. The 
vertical distance of this plane from the SRP is indicated in 
centimeters in the note in the upper right hand corner of each 
diagram. The subject iai seated with respect to the SRP, as defined 
above. The radial extenders from the SRP projection on the plane of 
interest are labeled in degrees from the line extending directly 
forward from the subject. The numbers along these extenders 
<40, 80) represent distances in centimeters from the point on the 
plane of interest at which the SRP is projected. 

w 


Figure 3.3.3.3J-J Grnsp Retch Limits Kith Right Head for American Hale and 
Female Populations 


*--20 

mt ^XLmnwHAw 


PRE6ECMNG PAGE BLANK NO I HLMED 
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Horizontal Pli^ 


♦137 

horuonul 

Mw FYJD pin 
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S PU ra 


i 

i 


Thumb mtjS fof*fing«r gr to undines Jo* 

varying dmenaions of A (A positive left of SRP) 


A (on) • 


76 

61 

M 4fl r4> 

0 16 h^- .-o 


Vertfcs) 
XZ pi«* 



— 5th percentile Outer boundary and 
inner boundary (i/mner curve) 

■ - 50th percentile outer boundary 


e * — * — 05 th parcintiie outer boundary 

Reference: 310, Paget 35 to 52 

NOTES : 

a. Ci'vity ccrdii ns - th* boundaries apply to 1-G conditions only. 
Microgravity will cause the cpine to lengthen, ana ad justioents should 
b* made baaed on a rev shoulder pivot location. 

b. Subject# ~ the subjects used for this study are representative of 
the 1967 Air Tore* population aati^atea defined in Reference 16, 
Chapter III 


m ^ 

No 


c. The Seat Refarence Point (SRP), defined as t hi origin point for 
ail .-each limit meaaure«nta k , is located at the junction of two 
planes which define the a a at b&ck and the seat pan, and a third plane 
which precisely bisects the s'ibjeot*s body front to back. 

d. Each of the following digrams rapraaents an XZ plane projection 
in which th* reach iiait of the subject (men, wooen) is detarainsd. 
This plane is perpendicular to both the "seat back* and the “seat 
pin 9 planes. The distance of this vertical plane from the SRP is 
indicatec in centiaeteis in the note in uh» upper right hana cornel 
of each diagram, negative numbers to the right and positive nu*u>ere 
to the left relative to the subject. The subject is seated with 
respect to the SRP, as detined above . The horixontal line* indicate 
vertical distances in centimeters from the SRP projection point on 
the plan© of interest. The numbers located along the horizontal 
lines <<C, 80) represent r.or ixcntal distances in centinatera, in this 
vertical plan© f^-oa the SRP projection point on this plana. 


figur* 3.3.3.3J-JI Orjsp Rtmch limits f ith Right ffond for Ammr.cw i/j/a *nd 
Ftmth Poou;sUo,'<£ (Contlr/Jiv) 


r 


!> 


I 

5» 


i 

* 

i 


JjilZjMitiimim fzm 


gw w tg r 
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XZ Plane 

-3C cn ) 

X-Z 

Vertical oontauri j ttfamafi 


-30 cm 

X*Z 

Vertical contour* 













NASA- S TD- 3 OOO/VO L V7 


XZ Plan* 


♦30 cm 


♦ 30 cm 

XZ 


X*2 

V»ftic*J contours 

Woman 

Vtrticrt contcun 
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YZ Plane 


Thumb and foraTingar grasp boundshas tor 
varying dimanston* ot A (A poailiv# fwd of SRP) 



1 5th parcr rrtilaoutar boundary and 

tnnar boundary (Innnar cuv*) 

-- 50th oarcontlie outer bound aay 

• • 

™ 9 g • — PSthptfcentfl 9 0ut»rbounc;*y 

o 

Raferenoe: 310, Pages 35 to 52 >® 

NOTES: 


a. Gravity conditions - the boundaries apply to l-<3 conditions only. 
Microgravity will caua* the apine to lengthen, and sdjuatmerta should 
be mad* baaed on a nay ahouldar pivot location. 

b. Sub la eta - tha subjects uaad for this study are representative of 
the 196? Air F orce population estimate* defined in Reference 16, 

Chapter III 

c. Tha Seat Rafaranca Point {SRP) , defined as tha origin point for 
all roach limit meaaurecente, is located at the junction of two 
pl&naa which define tha aaat back and tha saat pan, and a third plana 
which precisely bisects the subject's boay front to back. 

d. Each of tha follow ; diagrams represent* an Y? plan* projection 
in which the reach limit of the subject (man, wf»*n) la datarmined. 

This lc a vertical plan* which ia parallel to the line defined by the 
intersection of tha “seat back" and "seat pan- planaa. Tha distant 
of this plane from tha SPJ» is indicated in centimeters In tha note in 
thw upper right hand corner of each diagram, negative numbers to th® 
roar and positive numbers to tha front relative to ths subject. Th* 
aubject ia seated with respect tc the CRP, as defined above. The 
horizontal line* indicate vertical distances in centimeter* iron the 
5kP projection point on the plane of interest. The number* located 
along the horisontal lines {«Q, 80) re „ resent horizontal distances in 
csnttmetsra, in th* vertical plan© f*.©* th* SRP piojaction point on 

thia plane. • 

l 

Figure 3.3.3 .3.1-1 Grasp Raach Halts $ith Right Hand for American Vale 
female f opulatiDns (ContimjsdJ 
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Y 7 , Plan® 


+61 cm 1 


+61 cm 

Y-2 

Women 

YZ 

contoun I 


Vtmesi eomeur* 
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Direction of arm reach 
(from 0 dog or "straight 
ah«ku/' to 80 dog to 
tha right) 

(dog) 

Approximate change? in roach for 
each single degree of change in 
baekrest angle (reach increases os 
backrest angle mover to vertical, 
and vice versa) 

0 

*1 .Mem (±0.40 h) 

16 

±1.27 em (40.50 in) 

30 

±1.14 cm (±0.46 in) 

46 

±0.94 cm (±0.57 in) 

60 

±0.86 cm (±0.36 in) 

75 

±0.36 cm (±0.14 In) 

90 

±0,36 cm (±0.10 in) 


Reference: 18, Volume 1, page V-61 


Figure 3.33.3. 1-2. Changes in Arm Rsach Boundaries as 
a Function of VHst'on in Backrest 
Angle of 13 Degrees From Vertical 


1 

Type of task 

Adjustment 

Fittger tip operation 
Full hand grssp 

+7.0 cm U.S in) 
-6.S cm (2.2 in) 


Reference: 310 pg 64 n 

40 

2 * 

Figure 33.3.3.1-3 Adjustment To Thumb *nd 

Forefinger Grasp Reach Boundaries 
for Other Types of Grasping Tasks 
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3.3.5 Body Surface Area 

3.3.5. 1 Introduction - N/A 

3.3. 5.2 Body Surface Area Design Considerations - N/A 

5.3.5.3 Body Surface Area Datt Design Requirements 
See Figure i. 3.5. 3-1. 

3.3.5 Body Volume 

3.3. 6.1 Introduction - N/A 

3.3. 5.2 Body Volume Data Design Con**’ A nations • N/A 

?-3,6.c Body Volume Data Design Requirements 

The data ir. -hw section shall K e used as appropriate to achieve effective integration of the crew 
and the Assure Crew Return VeiJ.de. Body volumes for the crewmember population are given in 
Fig nr < 3.3.6.3-1 and 3.3.63-2. 

3 7 Body Mar*' Properties - N/A 

3.3. 7.1 Introduction - N/A 

3. 3. ” 2 Body ^ *ss Properties Design Considerate a - N/ A 

3.3//. 3 iaody Mass Properties De 4 Design Requirements 

Tne dam in rhis se^ion shall be used as appropriate to adu.ve effective integrat:?n of the crew 
and space systems. 

3.3. 7.3.1 Body Mass Data Design Requirement!: 

3.3. 7,3.1. ’ Whole-Body Mass Data Design Requirements 

vt x body mass data for the crev.nnnnber population in 1-g is in Figure 3 3./.3.1.1-1. 

3. 3. 7.3. 1.2 Body Segment Mas?* resign /.equirement* 

Body segment mass dam for v , -ncan male crewmember ir 1-g is in Figure 3.3. 7.3. 1.3-1. 
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3.3. 7.3,2 Center of Mass Data Design Requirements 

3.3. 7.3. 2.1 Whole- Body Center of Mass Data Design Requirements 

The whole-body center of mass location data for the American male crewmember in 1-g is in 
Figure 3.3. 7.3.2. 1-1. Equations for locating the whole-body center of mass in males of different 
sizes are given in Figure 3.3. 7.3.2. 1-2. 

3.3. 7. 3. 2.2 Body Segments Center of Mass Data Design Requirements 

Center of mass of body location data for body segments of the American male crewmember in 
1-g is in Figure 3.3.7.3.2.2-1. 

3.3. 7.3.3 Moment of Inertia Data Design Requirements 

3 . 3 ,* *, 3 .i Whole-Body Moment of Inertia Data Design Requirements 

WTiole-body moments of inertia data for the American male crewmember in 1-g is in Figure 

3.3. 7. 3. 3.1- 1. 

3. 3.7. 3.3.2 Bc7v Segments Moment of Inertia Data Design Requirements 

Body segment moments of inertia data for the American male crewmember in 1-g is in Figure 

3. 3. 7.3. 3. 2- 1. 
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* 

« 

N 

> 

Re' 'enci: 272, page 1 
Not«: 

3 . nenc£n mile crewmember population is 
oefired in paragraph 3.2.1, Anthropometric 
Datable Deign Coruid«r»t:on$. 
b. Diti eppiy to 1-0 conditions. 

figure 3 . 3. 5 . J- f Estimated Body Surface Area 

of the American Male Crewmi ib$r 


1 

Amencen male 
crewmember 
body surface area 

5th Percentile 
50th Percentile 
95m Pen-mile , 

17,600 cm 2 (2730 in 2 } 
20,190 ot 2 (3130 in 2 ) 
22.693 or, 2 (3520 in 2 ) 


r 

. 

American mile j 

crewntcmber 1 

body eoium# 

5m Percentile I 
5Cm Pc'or.ti!a j 
25th Per Cs'it'U 

63, M0 cm 3 (4190 m 3 } 
85,310 cm 3 (6210 in 3 ) 
lOIMOcm 3 (6210 m 3 ) 


Referee: 276, pa*s 80, 81 


Note: 

jl T hs» data apply to 1-0 condition* only 
b. American r.iait crewmember population it 
defined in Paragraph 3.2.1, Anthropometric 
Database D«jgn Considerations, 

Figure 3.3.6, 3 l Whole 8ody Volume of American 
Male Crewmember 
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Relersnc*: 276, pages 32*79 


Segment 

Heed 

H*ck 

Thorax 

Abdocren 

PeM« 

Upper arrn * 

„ ♦ 

horesnr. 

Hand 
htp (lap * 

Thigh minus flap 


5 «* 4 + 3 Torso 


Thigh 

Forearm plus land ' 


Volume, err, 3 (in 3 ) 

5th perotmUe 

50th percentile 

95th percentile 

4260 (260) 

4400 (270) 

4550 (280) 

930 (80) 

1100 (70) 

1270 (80) 

20420 (1250' 

26110(1590) 

31780(1940) 

2030 (120) 

2500 (ISO) 

2960 (180) 

0420 (570) 

12300 (750) 

15150 (920) 

1600 (ICO) 

2050 (130) 

2500 (150) 

1160 (70) 

1450 (90) 

1720 (100) 

460 (30) 

530 (30) 

610 (40) 

2890 (180) 

3640 (220) 

4380 (270) 

5480 (330) 

6700 (410) 

7920 (480) 

3320 (2C0) 

4040 (250) 

4730 (290) 

84C (50) 

1010 (60) 

1180 (70) 

i 

31870 (1940) 

40910(2450) 

49870 (3040) 

S360 (510) 

10340 (630) 

12300 (750} 

1640 (100) 

19 J (120) 

2320 (140) 


Notss: 

Average of right and wtt side* 

Those data apply to 1 -G oontfrtiona only. 

The American male crewmember population is defined in Paragraph 3.2.1 , A^ihropometric Diabase Design Considerations 

Figure 3.3.B.3-2 Bndy Segments Volume of the American Male Crewmember 
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Whole bod*/ mass of year 2000 crewmember population (age 40) 


| Mata (Americ&rs) 

Female (Japanese) 

5ih 

percentile 

50th 

percentile 

95th 

parcantile 

5th 

percentile 

50th 

percentile 

95th 

percentile 

65.8 kg 

82.2 kg 

98. r kg 

41.0 kg 

51.5 kg 

61.7 kg 

(145.1 to) 

(181.31b) 

(217.2 to) 

(90.4 lb) 

(1 13.5 to) 

(136.0 lb) 


Reference: IB* oages 111-9!?, lil-85 [ 

30B ! 

Notes: ' 

a. Thfcie data apply to 1-G conditions only. Fluid los=r« in microgravity reduce * 

these masses. 

b. Year-2000 crewmember population is defined In paragraph 3.2.1, *; 

Anthropometric Database Design Considerations l 


Figure 3.3.7.3.L1-1 Whole Body Mass for Year 2000 Crewmember Population 


I 


i 


i 

i 
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Ssgmsnt 

Mass , Qm [oz, wtlght ) 

5th pat cantila 

— 
50th partantiia 

95th 

i 

Htad 

4250 

(150) 

4400 (150) 

4550 (160) 

2 

Nack 

930 

(30) 

1100 (40) 

1270 (40) 

3 

Thorax 

20420 

(720) 

2611 C (920) 

31760(1120) 

4 

Abijonan 

2030 

(70) 

2500 (90) 

2960 (100) 

5 

P*tvis 

9420 

(330) 

12300 (430) 

15150 (530) 

6 

n ♦ 

Uppaf am 

1600 

(SO) 

20ec (70) 

2500 (90) 

7 

Forearm * 

1160 

(40) 

1450 (50) 

1720 (60) 

b 


460 

(20) 

530 (20) 

610 (20) 

9 

Hip flap * 

2390 

(100) 

3640 (130) 

4380 (150) 

10 

Thigh minus flap * 

5450 

(190) 

6700 (240) 

7920 (280) 

11 

_ M e 
Ca3 

j 

3220 

(120) 

4040 (140) 

4760 (170) 

12 

c , a i 

Foot 1 

640 

(30) 

1010 (40) 

1180 (40) 

5 + 4*3 Torso 

31870 

(1120) 

| 

40910 (1440) 

49870 (IT 60) 

9 + 13 

Tbgh m 

6350 

(2S0) j 

10340 (36C) 

12300 (4301 

7 + a 

Foraarm plus hand * 

1640 

(60) 

1980 (70) 

i 

2320 (SO) 


Relcrsncs: 278, pages 32*79 With Upd^ts 
Notas: 

a. Thaa* data appty to 1 -G conditions. 

a The American mate crtwm»m bar population is dafmd in Paragraph 3.2-1 , Arthropomatnc Database Dasgn Considerations 
Av^riga of nght and Itft skU* 


Figure 3.3. 7.3. f .2-7. <VfeiS c/ Beefy Segments h 'he African Male Crevmember 
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a. These data apply to 1 -G oondiricns. Yo estimate center of mass location in m’crograyity, multiply the IU) figure by 0 . 0 . 

b. The American male crewi lembei population is deflned in Paragraph 3 2.1 , Anthropometric Database Design Considerations 

Frjure 3. 3. 7.3.2. M. I 'A/hoie Body Canter of Mass Location of the American Male Crewmember 
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Whol* body canter of mats f or the American male crewmember (1 gravity only) 

cm (In) 

Dimembn 5th percentile 50h ^rcarrtile 85th percents 


8*2 {3,2) 8.5 (3.4) 8.0 (3.6) 



L(Y) 11.7 (4.S) 125 (4.9) 133 {52) 


L(Z) 68.4 (27.3) 735 (28.9) j 7r5 (30.5) 


3, Spread Eagle 



L(X) 18.4 (7.7) 20.8 (8.1) 21.9 (8.6) 



4. Sitting 


L(Y) 11.7 (4.6) 115 (4.9) 133 (52) 


L(Z) 952 (25.7) 68.8 (27.0) 71.8 (28.3) 



5. Sitting, Forearm* 
Down 


KX) 18.9 (7.4) 20.0 (7.9) 21,1 (8.3) 


L(V) j 11.7 (4.6) 12.5(4.9) 133 (52) 


L(Z) 66.0 (28.0) 69.3 (27.3) 725 (26.8) 


P franca: 16, Chapter IV 
250 

Notes: 

These data apply to 1 -G condition*. To miniate center of maw location In microgravity, mu&iply the L(z) figure by 0.8 
The Amencan me I# crewmember population k. defined In Paragraph 3.2.1 , Anthropometric Database Design Ocnsidawisne 

figure 3.3 . 7.3.2. M. Whote fiaty Ctf/itero/Atess Location of** American Mala Crewmember (Continued) 
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Whole body center of mass !cr the American male crewmembar (1 gravity only) 

cm (in) 


Diman* bn 

5lh pancant ile 

j 50th percentile 

95 th parcantiia 


17.6 (6.9) 

11.7 (4.6) 


18.8 (7.4) 
125 ",9) 


20.1 (7.9) 


135 (5.2) 


l® 57.3 (22.5) 59.4 (23.4} 615 (245) 


MX) 

19.4 (7.5) 

20.5 (8.1) 

215 (8.5) 

MY) 

11.7 (4.6) 

12.5 (4.9) 

133 r~) 

UZ) 

66.8 (26.3) 

69.9 (27.5) 

73.0 (28 7) 


V01 d*g 


Q109 deg ( 

& V- 

**■ 63 

^ ( 

! i 



8. Relived (weightltn) 


L(X) 18.0 (7.1> 18,8 (7.4) 19.6 (7.7) 

L(Y) 11.7 (4.6) 12.5 (4.9) 135 (5.2/ 

UZ) 68.0 (26.8) 70.9 (27.9) 73.7 (29.0) 


Refarance: 16. Chanter IV 
250 

Notos. 

a These d ala *pp!y tr. 1*G conditions. Toestima*: center of location in mcrogravtty, multiply the l(z) figure by 0 9. 

t The American male crewmember population Is defined in Paragraph 3.2.1 , Anthropometric Database Design Con**! nr aim* 


Figure 3.3. 7.32. 1 - 1. Whole Body Center ol Mass Location of the American Male Crewmember (Continued) 
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Location of 
center of 

mass, cm = {A x (statura, cm]} ♦ (B k (weight, lb»,< ♦ IC3 


Posture 

■ — f - 

Dinsnsion 

A 

~ ..■JR'ITA, 

B 

C 

i SE *(ca) 

a** 

1. Standing 

L(X) 

-0.035 

0.024 

11.008 

0.33 

0.7636 


L(Y) 

0 

0.021 

8.60S 

0.89 

C.4310 


L (Z) 

0.486 

—0.014 

-4.775 

1.33 

0.9329 

2. Standing 

L (X) 

-0.040 

0.020 

12.632 

0.45 

0.5823 

(urns ovsi 

L(Y) 

0 

0.021 

8.609 

0.89 

0.4310 

head) 

L(Z) 

0.416 

-0.007 

0.305 

1.52 

0.8927 

3. Spread 

L (X) 

-0.031 

0.020 

10.443 

0.36 

0.6706 

eagle 

UY) 

0 

0.021 

8.609 

0.89 

0.4310 


L(Z) 

0.392 

0.002 

2.547 

1.48 

0.8921 

4. Sitting 

L(X> 

0.080 

0.010 


0.56 

0.7900 


UY) 

0 

0.021 

8.608 

0.89 

0.4310 


L (Z) 

0.344 

-0.004 

7.327 

1.46 

0.8632 

5. Sitting 

L(X) 

0.041 

0.022 

7.405 

0.66 

0.7104 

(thighs 

L(Y) 

0 

0.021 

8.610 

0.89 

0.4310 

eiavated) 

L(Z> 

0.212 

-0.002 

21.582 

1 24 

0.7801 

S. Sitting 

L (X) 

0.075 

0.010 

4.628 

0.51 

0.8030 

(with ares 

L(Y) 

0 

0.021 

8.809 

0^9 

0.4310 

down) 

L (Z> 

0.3«5 

-0.010 

7.389 

1.56 

0.8489 

7. Mercury 

L(X) 

0.076 

0.008 

5.2f~ 

0.54 

! 0.7828 

configuration 

L(Y) 

0 

0.021 

8.609 

0.89 

0.4310 


L (Z) 

0.311 

-0.002 

14.425 

1.80 

0.7841 

8 ieiohtless 

L (X) 

0.077 

0.001 

4.692 

0.60 

0.6973 


L (Y) 

0 

0.021 

8.609 

0.89 

0.4310 


— k 12) 1 

0.2 IP 

0.017 

28.552 

3 18 

0.5015 


JUf#r<mc« 2S0 
Notes : 


- Refer to r injure 3 .3 . 7 . 3. 2 . 1-1 for measurement landmarks 

- * SE - Standard error of the estimate 
** R * Multiple correlation coefficient 

- These data apply only to 1-^ conditions. To estimate center of 
mass location In microgravity, multiply the L(z) figure by 0.5. 

- The American male crewmember population is defined in paragraph 
3.2.1, Anthropometric Database Design Considerations 

- A *• is a dimensionless constant for a given posture that 
relates center of mass location to stature 

- B ■ is a constant for a given poLture that has the dimensions 
of cm divided by Iba and relates center of mass location to 
body weight 

- C » a constant in cm for a given posture to assist in 
decent.' Ur.g the location of the canter of mass 


Figure 3.3.7.3.2.1-2 Whole Body ^?niar of Mass Location for African 
Mata Crawaeabars of Different Slits 
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Center oH miu location, 
cm On) 


Upper arm 


Hefafencr 16, Chapter IV 


5th percent 

. — ! 

50th percentile 

X 

n 

z 

nn 

z 

9,4 

6.8 

2.1 

10.4 

7 2 \ 

2.3 

(3.7) 

( 2 . 7 ) 

(0.8) 

(4.1) 

(2.8) 

i 

1 

(0-9) 

a.4 

13.8 

21.0 

10.0 

15.8 

21.8 

P - 3 ) 

(5.4) 

(a-3> 

(3.9) 

<M) 

(8.61 

♦ 

♦ 

u i 

(5.5) 

* 

♦ 

14.9 

(5.9) 

] 


95thpefo»r.ti)e 


Notes: J 

These data appty to 1 * . aondiiJo ns only. 

The American meie crev member population i» defined irs Paragraph 3.2.1 Anthropometric Database Design Considerations 
Assume symmetry 

Figure 33 7.32.2-l Qody Segment of Mass for American Male Crewmember 
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Ratarancs: lb, !V-42, IV-25 
Notes: 

a. These data apply to t -Q conditions only, 
b Ths Amertcar Tk»l*cf®w(Ti#iTib«r population is da'inad in PatagrapM £.£. i , Anliwopomeinc T>*' £ase Design Considw»i».'«a 

Figure 3.3. 7J.3. 1 • i. Whole Bod)' Moment of Inertia for the American Male Crewmember 
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Figure 3.3.7 3.^-1. Whole Bod? Moment at Imriia l-rthe American Male Crswr ter (Continued) 
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i Hsad 


Thorax 


Abdoman 


Paivis 


Sagacnt 


fee 






cf 

inartla. 

i-cm* x 

10 2 , (ifa-ln-aac 2 x 

10 5 ) 




Axis 

5th Pircantlic 

50th Parea.iiti* 

95th Paretfrilla | 


X 

185 2 

(172.7) 

207,1 

(1832} 

213.9 

(193.3) 


Y 

221.8 

(1902) 

2328 

(209.4) 

251.6 

(222- S) 


Z 

144.8 

(128.1) 

153.2 

(135.5) 

1S1.4 

(142.7) 


X 

13.4 

(11.6) 

182 

(16.1) 

23.0 

(2C.3) 


Y 

116 

(14.-) 

22.0 

(195) 

27.4 

(245) 


z 

203 

(17.8) 

27S 

(24J) 

34.6 

(30.3) 

1 


X 

3508.6 

(3103.9) 

5312.0 

(4697.9) 

7100.2 

(527 M) 


Y 

i 

2S68J 

(2260.8) 

3920.6 

(3467.4) 

5274.0 

(4664.3) 


y 

2153 S 

(1904.6) 

3320.1 

(293C.: 1 

4475.5 

(3958.1) 


X 

116.6 

(103.1) 

1752 

(155.0) 

2332 

(2062) 


Y 

i 

632 

(560) 

982 

(88.8) 

1326 

(117.3) 

: 

i 

Z 

. 

17^.0 

(153.5) 

! 

265.4 

(234.7) 

356.1 

(21 5.0) 


X 

TIC.. 

1*31-2) 

: 1123.4 

(993.6) 

1528.9 

(13S2.1) 

I 

Y 

646.4 

(571.7) 

1 C&3J5 

(914.3) 

1416.4 

(1252.7) 


Z 

620.0 

(752.2) 

130-.. 
i 

(1152.01 

1702.0 

(1576.0) 


R&faraixa: 276, psg«s ?£-7S 
Katas: 

a. Thes* dal* apply to 1-G conditions cnly. 

b. Tha African Mia crewmember population Is, dafir.ad in Paragraph 12.1 , Anthropoaatric Qatabasa Daslgn Con. 
Figure 3.2.7.3.32-1 Body Segment Horten t of Inertia fot the American Hah Crewmsohor 
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Reference; 276, psgaa 32-72 
Notts: 

a. Thtst dat* apply to i-S conditions only. 

b. Tht Actrican aal* cstwstfkler population is defined In Paragraph 3.21, Anthn>?o«atr*c Database Design Con. 
Figure 33.7.2.3.2-1 Body Segment Uoment of inertia for fhe American Male Crermemher (Continued] 
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U on tnt of inartU, q-cb* x 10 3 , (Ib-ln-scc* x 10*3 


Sognant 


Axis | 5th Parcantlls I 50th Percantlla j 95th Parctntlia 


453.8 

(401.2) 

489.2 

(415.0) 

178.4 

(157.8) 

437.3 

(335.8) 

4B0.7 

(407.5) 

172.3 

(152.4) 

430.7 

(381.0 

437.7 

(387.1) 


653.1 

(577.8) 

873.4 

(595.6) 

255.2 

(225.7) 

620.9 

(549.1) 

653.4 

(577.9) 

246.9 

(218.3) 

610.1 

(546.6) 

627.1 

(55 '.83 


434.1 

(383.9) 

629.6 

(556.8) 

441.4 

(3S0.3) 

639.7 

(565.8) 


852.3 

1753.8) 

377.3 

(775.9) 

331.3 

(293.0) 

804.0 

(711.1) 

845.’’ 

C747.9) 

321.0 

(283.8) 

604.8 

(711.8) 

815.0 

(721.7) 

92.1 

(81.5) 

824.7 

(729.4) 

837.7 

(740.9) 

94.7 

(83.7) 


Btf®r«nc«; 2 75, pages 32-79 
Notts: 

a. The** data apply to i-£ conditions only. 

b. Tba Anarican salt crownonbar population is defined Nt Paragtaph 3.2.1, Ant hr epos • trie OsUbaso Doiign Considerations 


figure 3.17.3.32-1 Body Somoni Moment of bertie for the American Male Crtwmtmhtr {Continued) 
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i __ 

Moment of 

inirtia, g-c»* 

x 1C 3 . 

[lb-' s*c 

2 x IQ 3 ) 


j Scg»ant 

Axis 

Sth Porcintiii 

50th PtroontHi 

95th P«ro»nti!« 

RiCht Foot 

l 

k 

X 

6.5 

(5.7) 

0.7 

(7.7) 

10.9 (9.B) 









EgfjHH 

Y 

33.0 

(29.9) 

46.1 

(29.9) 

50.3 (51.5) 


a 

Z 

36.0 

(31.0) 

46.0 

(31.8) 

61.7 (54.5) 

Laft root 

2 

A , . , \ 

X 

8.1 

C5.7) 

3.3 

(7.4) 

10.6 (9.3) 



Y 

32.4 

(29.9) 

44.7 

(39.5) 

57.G (50.*) 

X - 


Z 

34.2 

(30.2) 

47.0 

(41.6) 

59.0 (52.9) 

Bight Thigh 

z 

L 

X 

1163.7 

(1029.2) 

1689.0 

(1494.4) 

2212.9 (1950.0) 



Y 

1225.4 

(1063.0) 

1700.9 

£1575.0) 

2334.2 (2064.4) 


H- 

2 

316.5 

("79.9) 

464.8 

(410.9) 

611.3 (540.6) 

Loft Thigh 

Z 

X 

1122.6 

(992.6) 

1523.0 

(1435.4) 

2121.1 (1075.9) 


Hwl 

Y 

1166.3 (1049.2) 

1713.2 

(1515.1) 

2237.5 (1976.0) 

) 

/f 

Z 

! 

306.2 

(270.8) 

44e.5 

(396.6) 

509.5 (521.3) 


RiforirK*: 276, pig** 32-79 
Notts: 

a. Thaso data apply to 1~6 condition* only, 

b. Tha Araarican salt crtwaaobtr population If d*fln®d In Paragraph 3.2.1, Anthroponotic Oatabtta Dtsign Con. 


Figure 3.3.7.13.2-1 Body Segment Moment of Inert *s for the American Male Crewmember (Continued] 
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Moment of Inertia, 

g“G*^X 

10 3 , (ib-in-sec^x 

10 s ) 


1 


Segnent 


Axis 

5th Percents 

59th Percentile 

95th Percentile 

Right forear* 




X 

238.5 

(210.33 

327.8 

(289.9) 

418.7 

(388.5) 

pius hand 

( 


Y 

Y 

237.5 

(210.0) 

32E.5 

(288.8) 

415.1 

(387.2) 


\ 

i 

r 


2 

13.4 

(11.9) 

19.2 

(17.03 

25.0 

(22.1) 

Left foreara 


iZ 


X | 

7.34.1 

(2C7.0) 

314.1 

(277.83 

293.8 

1346.33 

pius hand 

1 

ft 

w 

Y 1 

232.8 

(205.9) 

312.2 

(278.1) 

321.2 

(346.0) 


J 

r 

• 

2 

12.8 

(11.4) 

17.9 

(15.9) 

23.0 

(20.3) 


£ 



i 









Ftofererx*: 276, peg** 32-79 
Notes: 

a. These data apply t* 1-8 conditions only. 

b. The Aserlcan said creweosber population is defined ir« Paragraph 3,2.1, Anthropometric 
Database Design Considerations. 


Figure 3.17,3.3.2-1 Body Segment Moment of Insrtie for the American Crewmember ( Continued l 
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4.0 HUMAN PERFORMANCE CAPABILITIES 

4.1 INTRODUCTION - N/A 

4.2 VISION 

4.3 AUDITORY SYSTEM 

4.4 OLFACTION AND TASTE 

4.5 VESTIBULAR SYSTEM 

4.6 KINESTHESIA 

4.7 REACTION TIME 

4.8 MOTOR SKILLS (Coordination) 

4.9 STRENGTH 

4.9.1 Introduction - N/A 
4 9.2 Strength Design Considerations - N/A 

4.9.3 Strength Design Requirements 

Strength data that shall be used to guide design work are provided below. The deconditioned 
crewmember as specified in section 4.10 for Effects of Deconditioning shall be accommodated. 

a. Grip Force: 

1. Grip strength, as a function of the size of the gripped object, is provided for men in Figure 
4.9.3-1. 

2. Maximum grip strength for men ( 5th, 50th, and 95th percentile) is given in Figure 4.9. 3-2. 

3. Grip strength for females is shown in Figure 4.9.3-3. 

b. Arm, Hand, and Thumb/Finger Strength - Figure 4. 9. 3-4 presents arm, hand and 
thumb/finger strength for fifth percentile males. These figures must be corrected for females 
(see Figure 4,9.3- 5). 

c. Male/Female Muscular Strength - Figure 4. 9.3-5 provides a comparison of male and female 
muscular strength for different muscle groups. These date allow a more accurate extrapolation 
from male to female strength data than is provided by the old method of assuming fem ales have 
two thirds the strength of men. 



Centimeters (inches) of 
separation between 
grip elements 
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Grip strength, N (!b) 

Reference: 1,p#ge 2.5-19 
Note: 

44 subjects, all pilots e 

or aviation cadets ® 

«0 

> 

Figure 4.9.3- 1 Mole Grip Strength as a Function of the 
Separation Between Grip Elements 




NASA-STD-300G/VQLVI 


Population 

Parcantila*, N tlb) 

5th 

fSOthor 

maan 

95lh 

Population 

SO. 

U.S. Air Fore* partomol, tircfftwmen: 
Right htnd 
Laft hand 

497(105) 
427 (06) 

5C6?134) 

552(124) 

729 (164) 
605 (154) 

30.1 (16.0) 

71.2 (18.0) 


Raturenc®: i . paga 2.5-1 8 


figure 4. 9. 3-2 Grip Str&n&h for Mates 



Parcontito«> N (lb) 

Population 

5th 

50th 

95th 

Population 

S.D. 

U. S. Navy parsonnal 

Maan o 1 r-oth hr~<J« 

2S3 (58^ 

325(73) 

387 (87/ 

39.1 (8.9) 

U. S. Industrial workara: j 

Prafarrad hand j 

254 (57) 

329(74) 

405 (91) 

4S.0 (10.3) 


R«f®r*nea: 1 , pa$«« 2.5-1 8 


Figure* 4.9.3-S Grip Strength for Females 





























! Figure 4 9.3-4 Arm . Hand and Thumb/Finger Strength (Sth Percentile Hale Data) 
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lota! boc'y 
strength 


Uppar 

extremities 

strength 

Low ©i 

extremities 

strength 


Trunk 

strength 


Dynamic 

strength 




ran 



m 


Percent 0 10 20 30 40 50 60 70 80 90 100 


Reference: IE, page V!i -50 
Note: 

Fecal* streng. i as a percentage of sale strength for different 
conditions. The vertical line within each shaded bar Indicates 
the seen percentage difference. The end points of the shaded 
bars Indicate the range. 


Figure 4. 3.3-5 Comparison of Female vs. Male 
Muscular Strength 


*6 204 



NASA- SIX)- 300G/YOL.VI 


d. Static Push Force * Maximal static push forces for adult males are shown in Figure 4.9.S-6, 

While these data were collected in a 1-G situation, the feet that they do not depend on friction 
resulting from body weight makes them applicable to microgravr irrections will have to be 

made for females (see Figure 4. 9.3-5). 

e. Leg Strength * leg strength for the 5th. percentile male ss a function of various thigh and knee 
angles is reported in Figure 4.9,3-7. Estimates of female leg strength can be made from these 
data usins the correction factors provided in Figure 4.9.3-S. 

f. Torque Strength - Maximum tiand torque data are provided in Figure 4.9.3 8. 
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^orcs-pfsto ( \ ) 
h*ighii 

Di»tar*co« *2) 

fr e/ee, N fib<) 

M«»P» 

SD 

yj 

100 

774 (174) 

2J4 (48/ 

50 

120 

778 (175) 

' i (37) 

VO 

120 

858 (184) 

! 

j^< ub 


Psrcant of ehouider h«»Qhf 


l-C applicable data 
_ ..- , * 


R«f%r*nc« 1, papa 2 5-S, -o 


Notea : 

11 ) Height of the center of the force plat© - 2 Go mm (8 in,) high by 
254 mm (1 J in.) long — upon which force .is applied. 

12) Horizontal tU/jtsncfi between the vertical surface of t he force plate and 
the opposing vortical surface (wall or footrest, reap act i vs ly ) against 
which t.h® subject brace theraselv^a . 

• Thumb-tip roach - dietdnce from backrest to tip of subject ’« thumb a» 
thumb and fingertip® are prisaaed together. 

** Span - tha maximal distance Doty»»r a person* a fingertip© as he 
extends his arms and bonds to each side. 

(3) 1-g data 


Figure J.9.3-6 Maximal Static Push Forces (Continued} 
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Cl i 1 l U_ 
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KnM-tngle ( 8 ). dear*** 

Riffranw: 2, page 115 





Thigh angi* (0) 
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-15-6° 

2 

+5 and 10° 

3 

15-19° 

! T~ 

33-36° 

[ 5 

48 -49° 


Limiting tngl* 
r- Krw# straight 


Figure 4.9.3-7. Leg Strength at Various knee /high Angles (5t h rcentjle Male Data) 
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Unpressurized suit, 
bare handed 

Mean 

SD 

/ 

! 

I 

~ {') Maximum 

'O' torque: 

/ JL Suppinatlon, 

Nm Clb-in.J 

13.73 

(121.5) 

3.41 

(30.1) 


= Maximum 
[ ( 1 torque; 

17.39 

(153.9) 

1 

5.9fl 

(45.0) 


Reference: 1. page2.5-2C 


Figure 4. 9. 3-B Torque Strength 
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4.10 Effects of Ddconditioiiing 

Figure 4.10-1 presents design requirements and constraints for accommodating deconditioned 
crewmembers. In establishing these requirements, different levels of conservatism were applied to 
normal, and to backup/contingency activities. Activities normally required for safe return must 
assure success for highly decondidoned crews. Activities associated with off-nominal, low prob- 
ability situations are based on more optimistic estimates of crew capability. In applying these 
requirements, the following must be observed: 

a. Crew activities and implementation methods listed are not presented as requirements, but as 
a catalog of candidates for which, the crew may be used if the associated requirements and 
constraints are met If activities or implementation methods not listed herein are intended, they 
must be submitted to the ACRV Project Office for appioval and subsequent incorporation into 
this document. 

b. For design purposes, deccnditioning effects are assumed significant only during reentry and 
subsequent mission phases. For operations prior to entry interface (02gj, other sections of this 
document are to be applied without derating for deccnditioning. 

c. All crewmembers will remain in their couches, appropriately restrained, throughout reentry 
and lauding. After landing , the cow will not be required tc leave their couches or release their 
restraints until the vehicle is upright. For nominal mission, post landing activities must not 
require the crew to stand without assistance by the SAR personnel 

d. The crew shall not bo required to ; erfonn any tasks during transient envir onments associated 
with parachute opening or disreefing, landing retrorocket firing, or landing impact. 

e. "Not accommodated" as used in Figure 4.10-1 specifies that the crew shall not be required to 
perform the activity. This does not necessarily imply that the crew is not able to perform the 
activity. 

f. Post Landing items 10 thru 14 are considered off-nominal/non-roudne setivit 
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Figure 4.10-1 Capabilities of A Decondltloned Crew 
Re-entry Through Final Descent 
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8 Hardcopy must ba wfthtn vbiaXy 

b. Hantcopy must be within vfs&Qty 


ltmfls ot 2.#, arrf reach envelope ol 

Emits of 2-fi- and reach envelops of 


3J.3J.1.8 

3J.3J.14U 

3. Acs isia discrete controls: 

8 Controls must be wfihin vtsfciBy PmSa 

o. Controls must be wfthln vfrfijffiy limits 

- ’ sgsie 

of t .a or meet the Mnd operation 

of IP. or meet the mnd operation 

- ' jsh button 

asuetion requirements of 8J.3.l.g. 

actuation requirements of 9.3J.1.g. 

syboard 

and vr2hto reach envelope of 

a nd wftftin ra&ch enveteps of 

j - i ctsry 

2J3.S3A*. 

3J3.3.3.1.IL 

4. Actuate analog oonirote: 
a. Rotary 

a See 3_e. 

8 See 3.8 

b. \imss 

b. Specific applications must be 

b. Specfflc appfleadom must be 


approved 

approved. 

5. Orntnunlsaio with 
Mjsskw Co«roJ & 3AR: 

8 No constraint 

t Crew must be restrained in couch. 

a. Vrx 

b. PTT 

b, No U) restraint 

8 Crew must be restrained in couch. 

3. Monitor physical cues: 

a Only Stvened or upright ettlSueto 

8 Only Inverted or upngM attitude 

s. Vehid® motion 
b. Aural (eianrs) 

determination is accommodated. 

datermtnallon is accommodated 

:. Aural (equipment 

b. Aural alarms must meet the 

8 Aural alamo must meet the 

operation) 

raqubvmi-fts specified in 8.4.4. 

requirements spaced in 9.4.4. 

d. Ou the wincorr 

Craw rrest be able to discern cues 

Crew must be able to discern cues 

(vtjafl 

from oouctu 

from couch. 


8 Specific applications must be 

8 Spectre appacstfcn* must be 


approved. 

approved. 


d. Specific applications mat be 

8 Specfte applications must be 


approved. 

approved. Crsw must be able to 

f 

. - - 


efiseem cues fmm couch. 

7. Monitor r vattent 

iX No constraint 

[ a. Attendant must bQ Bfcfcs to directly 

’ a. Dirsc visual 


vi&# the full aide vtew of the 

obse.vation H 

j. No constraint. 

patient from me waist up within 

I palion*. 


the head and eye movemanl 

b. Monitor ...dical 
supc-'t equipment. 


specified in S.2.4.2.2.C. 

b. Medical support equipment must 
be visible wfthln the ttetd of view 


. I 

specified In 9.2.4.2.2.C. 


flgu : e 4J.Q-1 


Capabilities of a Oecondltloned Crew (continued) 
Post-Landing 
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Potanttat Crew 

Deeign ReovUrtmersta^onstfal^ 1 

Activity/ 

Envlroremnt ! 

implementation 

igiterter* 

la rwtrted 

0. Adjust medtesJ 

er&jiprrant and provide 
medical assistance to 

patient. 

a. No constmVtt. 

b, Attendant may ext ocueh ft provide 
assistance. The craw member must net 
be required to stand. 

Mo* accommodated 

9. Assist pal&rt in eating, 
drinking and poreortaJ 
hygiena. 

a. No constraint 

b. Attendant may axt oouah to provide 
manual assistance. The crew member 
must not U> required ft stand 

Not accommodated. 

-- j 

10. Operate saodfery 
equipment retrieve 
supplies, and perform 
personal hygiene 
functions. 

t Crew may ex& couch to perform 
actNWas. 

b. UnrestreSnod mass should bs less 
than 12 fix. 

e, Control aPuatton must meet the 
require meres apeeffled In 9.1L3. 

d. Crew strength capabilities should be 
&s specified In 4.B.3. 

e, Ccntir^ercy operaiiois which require 
the er«w member to stand must be 
approved. 

Not accommadated. 

11. Raconfipjr* couctes or 
panels after larding, 
Operate k&J r&tease 
mechanism, Reisa cr 
lower ceal pan or 
equipment. 

ft Crew may exit couch to perform 
eetMty. 

b. Unrestrained mass should be less 
than: 

• Dynamic (water) envfr. • 12 bs. 

• Sialic (land) erwlr. • 20 fed 

e. Restrained loads should rot exceed 
capabffites spceSJed tn 4.9.3. 

1 

d. Contingency operations which require 
the crew member to stand must bo 
approved. 

Not accommodated 


Figure 4.10-1 Capabilities of a Dscondltloned Crew [ continued ) 

Post-Landing 
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PotsntlfiJ Cm 

Design fl*eutfem*m*/C&nstrfilrTtn 1 

AetMty/ 

Envirmtm*rtf 1 

^ Jmplymantctton 

■ ■ ,„JH ■— 

10 Inverted 

12 . Open hatch l Operate 
latch mechanism 

cl Crew ray exfi ccurrt to perform 
ectMty 

b. No imfestraired mass. 

e. Restrained bads shoub not exceed 
aw strength cap^UUes spedfted Im 
4.9.3. 

d. Contingency operations which require 
ttie crew member © stand must be 
approved 

Not accommodated. 

13. Eg ress w&wrt outside 
asilstance 

el Crew may wdS couch to perform 
activity. 

u, Crew ’* assumed to have the pfrysbaJ 
eapahGSy ard strength of a normally 
contflUonsd ere w as stated In 4.9.3. 

Not accommodated. 

14. Depfoy surWai 
equipment 

a. Singte crew mender should not be 
required to at more than 20 &». 
overhead. 

b. Mass of single package of survival 
equlpmsra should not e«*«d 50 
lbs. 

Not°^omT>odat«3. 


Figure 4.10-1 


Capabilities of t Decondltloned Crew ( continued 1 
Post-Landing 
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5.0 NATURAL AND INDUCED ENVIRONMENTS 

5.1 ATMOSPHERE 

5.1.1 Introduction « N/A 

5.1.2 Atmosphere Design Considerations - N/A 

5.1.3 Atmosphere Design Requirements 

Paragraph 5.1.2.4.1 through 5.1.2.4.3 present requirements which are directly applicable to the 
design of respirable atmospheres for the Assured Crew Return Vehicle cabin atmosphere. 

5. 1.3.1 Atmosphere Composition and Pressure Design Requirements 

The following design requirements shall apply to the composition and pressure of the Assured 
Crew Return Vehicle cabin atmosphere: 

a. Internal Environment - An internal environment to support and maintain crew health 
throughout detached operational phases of the ACRV shall be provided in accordance with the 
requirements given in Figure 5.13.1-1. 

b. Atmospheric Revitalization - The ACRV atmosphere shall be revitalised every 5 to 7 minutes 
to provide a safe and habitable environment for the crew. This system will be referred to as the 
Environmental Control Life Support System (ECLSS). 

c. Atmosphere Control and Supply : 

1 . Means to control and maintain atmospheric pressure and composition to the levels defined 
in Figure 5. 1.3. 1-1 shall be provided. 

2. The controls shall be provided in the ACRV and shall be operable by a crewmember in a 
shirt sleeve environment. 

3. Normally, the controls shall operate autonomously with limited or no crew intervention 
necessary. 

d. ECLSS Design Requirements - The systems of the ECLSS will provide atmospheric pressure 
and composition control, temperature and humidity control and atmospheric revitalization for 
the ACRV. 

5. 1.3.2 Atmosphere Monitoring Design Requirements 

The ACRV design shall consider Space Station interfaces to maximize effective utilization of 
Space Station atmospheric monitoring capabilities while the ACRV is attached to the station. 
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PARAMETER 

UNITS 

OPERATIONAL 

(detached) 

ENTRY t 
LANDING 

POST 

LANDING 

- - 

CO2 Partial Pressure 

maKg 

0-7,6 

0-7.6 

0.0-15.0 

Temperature 

deg. F 

65-80 

60-90 

«sc note 1 

Dew Point 

deg. F 

35-70 

35-70 

6§t riots i 

Ventilation 

rt/ain 

15-40 

15-40 

set nolo 1 

c>2 Partial Pressure 

psia 

2.83-3.35 

2.83-3.35 

2.3-3.45* 

Diluent Gas {N2 ) 

psia 

balance 

balance 

balance 

Total Pressure 

psia 

14.5-14.9 

14.5-14.9 

14.5-14.9* 

Filter Particle Size 

alcrons 

300 

300 

300 

ACRV Respirable 

Atmosphere Requirements (Customary Units) 

PARAMETER 

UNITS 

OPERATIONAL 

(detached) 

ENTRY t 
IaANDING 

POST 

LANDING 

CO2 Partial Pressure 

N/m 2 

0-1.01 

0-1.01 

0-1.99 

Temperature 

deg. C 

18.3-26.7 

15.6-32.2 

set not# 1 

Dew Point 

deg. C 

1.7-21.1 

1.7-21.1 

see note i 

Ventilation 

M/aec 

.076-.203 

.076-. 203 

see note 1 

0 2 Partial Pressure 

Kp2 

19.5-23,1 

19.5-23.1 

15.8-23.8* 

Diluent Gas (N 2 ) 

Kp 2 

balance 

balance 

balance 

Total Pressure 

Kp 2 

100-102.7 

100-102.7 

100-102.7* 

Filter Particle Size 

Bicrons 

300 

300 

300 


ACRV Respirable Atmosphere Requirements (SI Units) 


Reference: 37, Figure 20201-A, 9 
82. p*ga* 2, 42, 55 
111, page 683 
193, past 27 

254, Table 1L2. Para. 1LL1/4 
2BB, page 5 


278 

321, Table 2.4-1 

323, Tabic C-4-0, page C-4-45 

324, Table 2-9 


Note 1 - Heet storage Is limited to 300 BTUs/cresneabcr 
• Includes Ambient Partial Pressures 

n 

r- 

® 

x 

Figure 5.L3.1-1 Requirements for Space Module Respirable Requirements 
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5.2 MICROGRAVITY 

5.2.1 Introduction ■ IV/ A 

5.2.2 Microgravity and Its Counterparts Design Considerations - N/A 

5.2.3 Microgravity Design Requirements - N/A 

5.3 ACCELERATION 

5.3.1 Introduction - N/A 

5.3.2 Acceleration Design Considerations - N/A 

5.3.3 Acceleration Design Requirements 

Figure 5. 3. 3-1 shows the coordinate system nomenclature that is used in this document (Note: 
Left-Handed System). This system is based on the direction a body organ (e.g., the heart) would 
be displaced by acceleration. The table in Figure 5. 3.3-1, which is based on displacement of body 
fluids, explains the most commonly employed terms. 

5. 3 3.1 Linear Acceleration Design Requirements 

5.3.3. 1.1 Entry Acceleration Design Requirements 

The ACRV shall be capable of limiting sustained entry acceleration to be no greater than 4 Cs 
in the +/- Gx direction, 1 G in the +/- Gy direction, and 0.5 G's in the +/- Gs direction. 


5.3.3. 2 Entry Spin Limitation Design Requirements 

The ACRV shall not spin at a rate greater than 5 rpm. 

5.3. 3. 3 Impact Acceleration Design Requirements 

At landing, crewmembers shall not be exposed to impact accelerations at the body critical point 
greater than those allowed by the Whole-Body Dynamic Response Risk Model for a 0.5% risk of 
injury with risk criterion limited to value not to exceed 1.0. The body critical point is the location 
in the seat coordinate system at which die dynamic response of the body is computed and 
corresponds roughly to the midthoradc center of mass. The method to compute acceptable critical 
point resultant acceleration exposures is described in the following paragraphs. 
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Body Critical Point Coordinates 
x = 3.4 In 
y = 0 
z = IB. 2 In 


Reference: 101, p&ge 9 
Vlth Updates 


Hots: 

Thi origin of the seat coordinate systes is at the Seat Reference Point (SAPJ as 
defined Ln Figure 3X3-3-1 where the Y -Z plane la the co»pr*ssad seat-back-iangent plane 



»*- 


Figure 5.3.3 -1 Seat Coordinate Systes and the Location of the 
Body Critical Point 


1 

/ 

\ 

f 

i 

i 
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LINEAR MOTION 


DIRECTION OF ACCELERATION 


Acting 

Force 

Acceleration Description 

Verticular Description 

Forward 

+ax 

Forward Acceleration 

Eye Balls In 

Backward 

-ax 

Backward Acceleration 

Eye Balls Out 

Upward 

m 

Headward Acceleration 

Eye Balls Down 

Downward 

-az 

Footward Acceleration 

Eye Balls Op 

To Right 

+ay 

R, Lateral Acceleration 

Eye Balls Left 

To Left 

-ay 

L. Lateral Acceleration 

Eye Ealls Right 


Raferenee: 380 llth Updates 


Note: Large letter, G, used as unit to express Inertial resultant to 
whole body acceleration in multiples of the magnitude of the 
acceleration of gravity, go *» 980.665 ®/sec 2 or 32.1739 ft/sec 2 . 

Cm 

3 ! 

0 

C 

>N 

Figure 5.13-1 acceleration [nvironmt Coordinate System Used In HSIS (contl 
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a, Seat Coordinate System - The seat coordinate system and the dimensions that de fin e the 
location of the critical point of the body are given in Figure 5. 3.3-1. 

b. Acceleration Evaluation Method - If the linear resultant acceleration at any point in the seat 
coordinate system and the a ngular velocity «nd acceleration are known, then the motion of the 
seat is defined and the linear resultant acceleration at the critical point can be computed. The 
acceptability of the acceleration at the critical point is evaluated by first computing the dynamic 
response (D!0 as a function of tine for each mqjor axis CX.Y, and Z). The dynamic response of 
the body is modeled by a mans, spring and damper system attached to the seat. 

The dynamic response is computed for each airi* using the following equation in Figure 5.3.33-1. 


5 + 2to>, 1 8 + (o> n ) 2 8 <* £ 

DR (?) = (a>„) 2 6 (?) 

s 


where: 

5 la the acceleration ol the dynamic response model mass relative to the 
critical point acceleration (fL/sec 2 ). 

8 Is the relative velocity between the critical point and the model mass (fL/sec.) 

5 is the compression of the model spring (ft) 

? is the damping ooeffldent ratio (0 2 for the x axis, 0.08 for the y axis, and 0324 

for the z axis). 

^ Is the undamped natural frequency o? the model (62.8 rad/sec for the x axis, 
58.0 red/sec for the y axis, and 52.9 rad/sec for the z axis). 

C is the acceleration component along the pertinent axis acting at the critical 
point (ft ./sec. 2 ). 

g Is the acceleration due to gravity (32.2 fL/sec. 7 ). 

CO Indicates that the parameter Is determined as a function of time. 


Figure 5.3.3.3-1 Dynastic Response For Each Axis 


5 

© 

* 
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After the dynamic response for each axis has been computed, the whole-body dynamic response 
risk is computed usi ng the following equation in Figure 5.3 3. 3- 2. 


P 



2 

) + 



where: 

The subscript L denotes the limiting dynamic response values assigned for each major 
axis for healthy decondltionsd, and HI or Injured de conditioned crew members. These 
values are tabulated In Figure 5.3.3 3-3. 

DRX Is the dynamic response computed from the X ads acceleration component at 
the critical point 

DRY is the dynamic response computed from the Y axis acceleration component at 
the u. ileal point 

DRZ Is the dynamic response computed from the Z axis acceleration com nent at 
the critkai point 

P Is the whole-body dynamic response risk criterion 
(?) Indicates the parameter Is a function of time 

The value of P computed must be less than or equal to one for the whole-body Impact 
acceleration to be acceptable. 


i 

Figure 5.3. 3.3- 2 SI hole-body Dynastic Response Risk g 


Crsw Member 
Condition* 

drx l 

dry l 

drz l 


DRX > 0 

DRX < 0 

DRV > 0 

DRY < 0 

DRZ > 0 

DRZ < 0 

Healthy 

Deconditloned 

35 

-28 

14 


15.2 

-9 

111 or Injured 
Deconditioned 

26.3 

H 

CM 

1 

10.5 

-10.5 

11.4 

-6.8 


* Th» Unit vtluH »wly to '-rxatabsri rsslrainrd to a Mat by cwwarrtJcnal rwVtint* w.sh u i lip bait, 
two should * r straps ana u crotch strip. 


Figure S.3.3.3-3 Dynaalc Response Ualt Values 
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5.4 Acousacs 

5.4.1 latrcducdoc - N/A 

5.4.2 Acoustics Design Considerations - N/A 

5.4.3 Acoustics Design Requirements 

This section defines the basic environmental limitations and criteria that the designer shall apply 
to die design of crew stations and other habitable compartment areas. Noise levels shall be specified 
in terms of A-wdghted sound level, LCA). Noise exposure over 24 hour periods shall be specified in 
terms of the equivalent A-weighted sound level LCA) eq. The maximum allowable on orbit continuous 
broad band sound pressure exposure limits produced by fire summation of all individual sound 
pressures from all sources, including all operating systems, subsystems and payloads, considered 
over a 24 hcur period are defined in the following paragraphs. 

5.4.S.1 General Acoustic Design Requirements 

The following general acoustic design requirements shall be observed: 

a. General Acoustic Design - Noise generation and penetration shall be controlled to the extent 
that acoustic energy will not cause personnel injury, interfere with voice or any other com- 
munications or contribute to the degradation of overall man-machine effectiveness. 

(All sound pressure levels ir. decibels are referenced to 20 u-Pascals unless otherwise stated and 
are to be measured at or translated to die outer ears of crewmembers.) 

b. Equipment Noise - All r iisy equipment shall be mounted and located to reduce noise at 
crewmember locations. 

•5.4. S. 2 Noise Exposure Requirements 

The following types of noise shall be taken into account: 

a. Wide-b&ud random noise (22.4 to 11,200 Hz). 

b. Narrow-band noise and tones. 

c. Impulse noise. 

d. Infrasonic and ultrasonic noise. 

There are three sets of noise requirements th : shall be satisfied depending on crewmember task 
and acceleration regimes: 1) hiring conservation, 2) voice communication, and 3) annoyance. 
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5. 4.3. 2.1 Hearing Conservation Noise Exposure Requirements 

a. Maximum Noise Exposure • A maximum noise exposure of 115 dfi(A) is allowable, providing 
the duration does not exceed two minutes. 

b. Hearing Protection Devices - Hearing protection devices shall be provided for use during 
exposure to noise levels of 85 dB(A) or greater. 

5.4.3.2.1.1 Wide-Band. Long-Term Hearing Conservation Noise Exposure 
Requirements 

The following long-term, wide-band hearing conservation noise exposure criteria shall apply; 

a. Hazard Level - Noise of constant sound levels of 85 dB(A) and greater are considered 
hazardous regardless of the duration of exposure. Total exposure shall not exceed an average 
of 80dB(A). 

b. Allowable Noisj Exposure - A noise exposure of dO to 84 dB for up to eight hours duration 
without hearing protection is allowable but not desirable. 

c. Unacceptable Noise Levels - Crewmembers shall not be exposed to continuous noise levels 
that exceed 120 dB in any octave band or 135 dB OASPL under any circumstances. 

5.4.3.2.1.2 Narrow-Band, Long-Term Hearing Conservation Noise 
Exposure Requirements 

The relative sound pressure levels of narrow-band components, pure- tones, and beat frequen- 
cies shall be limited to a level at least 10 dB lower than the allowed maximum sound pressure level 
of the octave-band that co ntains the component. 

5. 4=3. 2.1.3 Impulse Hearing Conservation Noise Exposure Requirements 

M aximum Noise Level (Hearing Conservation Criteria) - Impulse sound is a change in sound 
pressure level of more than 10 dB in one second or less. Impulse noise shall not exoeed 140 dB peak 
pressure level to meet hearing conservation criteria for unprotected ears. 

3.4.3.2.1.4 Infrascnie, Long-Term Annoyance Noise Exposure 
Requirements 

The following infrasonic noise annoyance criteria shall apply: 

a. Infrasound Sound Pressure Level - Infrasound sound pressure level shall be less than 120 dB 
in the frequency range of 1 to 16 Hz. 

b. Hearing Protection - Passive hearing protection devices are permissible for low-frequency 
infrasound noise control. 
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5 4.3. 2,1. 5 Ults'asorilCj Long-Term Annoyance Noise Exposure Require- 
meats 

The following ultrasonic noise annoyance criteria shall apply: 

a. Hearing Conservation Measures - Hearing conservation measures shall be initiated when the 
ultrasonic criteria provided in Figure 5.4 J3.2.1.5-1 are exceeded. 

b. Hearing Protection - Ultrasonic noise hearing protection shall be provided where overex- 
posure is possible in contingency cases in a way that communication is not hampered. 

5.4.3.2 2 Voice Communication Noise Exposure Requirements 

5. 4.3. 2. 2.1 Direct Voice Communications Noise Exposure Requirements 

Background Noise Level - Background noise for work areas shall not exceed the NC 50 contour 
unless otherwise specified. 


One-third octave bend 
center frequency, kHz 

One-third octave band 
level in dg 

10 

30 

12.5 

80 

16 

80 

20 

105 

25 

110 

31.5 

115 

40 

115 


Rsferenca: 281, Page 1-3 


Figure 5.4.3.2.L5-1 Airborne High Frequency and 

Ultrasonic Hazard Noise Halts 
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5.4.4 Example Acoustics Design Solutions 

The control of noise involves three interdependent elements: 

a. Control at the source. 

b. Interruption or absorption along the transmission path. 

c. Personal hearing protection. 

Noise reduction techniques that can be applied to die ACRV are die same as used in industrial 
and building noise control. Figure 5.4. 4-1 lists typical methods to control noise at the source. 



Balanca rotating parts 
Vibration L&oIaLan mount! 
Increase mass 
Surface damping 
Constrained layer damping 
Avoid resonance 
Stiffen 

Scour* lightly 
Isolate from drive 
Reduce vibrating area 
Reduce speed 
Uw laminated structure 


Ellmincle hrpxz 
Reduce clearances 
Reduce Impact arc* 

Us® ras&sra material 
Isolate impsc* fc/aftfi 
Avoid parts separation 
Enclose Impact t^a 
Lubricate properly 
Ue® soQucrrtiaJ tmparu 
Reduce speed Et impact 
Uae dcscimaar materials 
Use laminated structure 


Lubricate 

Ifae dlMlffiSer material 
Smooth contacting surface! 
Avoid frictional contact 
Uu contact 
ArrtJ-frfctlon bearing! 
Procaian gear? 

Optimum loadings 


Ret* jc* vebcrtiw 
Lag pipes and ducts 
StreamQne f tow 
Remove obiladefi to flow 
Us« muff bin 
Uno oir ducts 
Use proper size vaJvsi 
Use quiet fane 


* 

CD 

© 


Figure 5.4. 4-1 Typical Noise Source Corrective Actions 



- a&ejB* 


i 
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5.5 VIBRATION 

5.5.1 Iffitrodiislion - N/A t 

5.5.2 Vibration Design Considerations - N/A 

5.5.3 Vibration Design Requirements 

General Vibration Design - Vibration generation and penetration shall be controlled to the extent 
that vibration energy will not cause personnel infury, contribute to the degradation of overall 
man/nr achlne effectiveness during manned periods. 

5.5.3.1 Gtex.ei'&l Vibration Design Requirements 

Equipment Vibration - System design shall include vibration control provisions. 

5.5.3. 2 Vibration Exposure (0.1 to 1 Hz) Design Requirements 

5.5.3 .2.1 Severe Discomfort Boundary • N/A 

5.5.3.2.2 Decreased Proficiency Boundary 

The following acceleration limits for 0.1 to 0.63 Hz for crewmember stations and wo tit areas 
shall apply: 

a. Longitudinal Vibration - For tasks requiring writing ami fine manual control, vibration 
rms-values shall not exceed 1.75 m/sec 2 . 

b. Transverse Vibration - For transverse vibration use 25% of values shown in Figure 5.5.3.2JM. 

c Visual Acuity Effects - For whole body vibration in the ranges of 3 to 11 Hz or 22 to 30 Kz, 
provisions shall be made to protect die crew from loss of visual acuity. 

5. 5.3.3 Vibration Exposure (1 to 30 Hz) Design Requirements 

5. 5.3. 3.1 Fatigue-Decreased Proficiency Boundary 

The following vibration acceleration limits for 1 to SO Hz for crewmember stations and work 
areas during orbital and planetary conditions shall apply. 

a. Longitudinal Vibration - Vibration acceleration exposure shall not exceed the limits shown in 
Figure 5.5.3.3.1-1 for z-axis direction, unless specified otherwise. 

b. Transverse Vibration - Vibration acceleration exposure shall not exceed die limit?; shown In 
Figure 5.533.1-2 for x, y-aris directions, unless specified otherwise. 



/ 
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V / 


1.0 



0.1 0.16 0.25 0.4 0.63 1.0 

0.125 0.2 0.315 0.5 0.8 

Frequency or center frequency of third-octave band, Hz 
& Snyder, Fred (Boeing, 1964) Reference a 2 hour eiposure 

Note. Eight-hour curve created by extcrpolation based on 30 min. and 
2 hour testing 

Reference: 101, paga 44, add. 2-1932 E with updates 

Figure 5.5.3.2.2-1 Longitudinal (Z-AxIsJ Acceleration Limits 

(0.1 to C.B3 Hz) "Severe Discomfort Boundaries 
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0.063 10 dB 


vi/inoepociflifloonooiaopiaioccn o 
Of n f n 

Frequency or ranter frequency of ttintoetave band, Hz 
To obtain: 

- "expoiure limit!": multiply acceleration 
values by 2 (6 dB higher); 

- "reduced comfort boundary**: divide 
acceleration values by 3.15 (10 dB tower) 

Reference: 2, Figure 42, pass 175 
101, page 10 

Figure S.5.3.3.1-1 Longitudinal Cz-axls) Acceleration Halts 

m Fatigue-decreased Proficiency Boundary 


4* fa b> to M u ^ Olflj U) o 








Acceleration 
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To obtain: 

— "exposure limit*": multiply accaleratton 
valuta by 2 (6 dB higher); 

— "reduced comfort boundary": divide 
acceleration values by 3.18 (10 dB lower) 

Reference: 2, Figure 42, page 175 
101, page 12 

Figure 5.5. 3.3 J -2 Transverse [x-axis, y-axis) Acceleration Limits 

a Fa ague-decreased Proficiency Boundary v 
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c Visual Acuity Effects - For whole body vibration In the ranges of 3 to 11 Hz or 22 to 30 Hz, 
provisions shall be made to protect the crew from loss of visual acuity. 

5.5.3.5.2 Vibration Exposure Limit - N/A 

5. 5.3. 3.3 Reduced Comfort Boundary • N/A 

5.6 (THIS PARAGRAPH WAS NOT USED) 

5.7 RADIATION 

5.7.1 Introduction - N/A 

5.7.2 Ionizing Radiation 

5.7.2. 1 Ionizing Radiation Design Considerations - N/A 

5.7.2.2 Ionizing Radiation Design Requirements 

5.7.2.2.1 Ionilng Radiation Exposure limits - N/A 

5.7.202.2 Ionizing Radiation Protection Design Requirements 

The following strategies shall be used to implement radiation protection features for crewmem- 
bers on the Assured Crew Return Vehicle at 28.5 deg: 

a. Radiation Protection - The design of the ACRV shall indude the necessary radiation protection 
features (shielding, radiation monitoring and dosimetry, etc.) for all expected missions to ensure 
that the crew dose rates are kept as low as reasonably achievable (ALAR A levels) and that the 
maximum allowable dose limits are not exceeded. 

b. Use of Onboard mass - The design and layout of the ACRV shall consider the use of onboard 
mass as radiation shielding. 

5.7.3 Non-Ionizing Radiation 

5.7.3. 1 Non-Ionizing Radiation Design Considerations - N/A 

5. 7.3. 2 Non-Ionizing Radiation Design Requirements 
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5. 7.3.2, 1 Non-Ionizing Radiation Exposure Limits 

The following non-ionizing radiation exposure limits shall apply: 

a. Radio frequency Electromagnetic Fields Exposure limits - The American National Standards 
Institute (ANSI) Radio Frequency Protection Guides (RFPG) for occupational exposure are 
shown In Figure 5.7 22.1-1 and illustrated In figure 5.722.1-2. 

b. Optical Laser Radiation Exposure Limits - The following laser exposure limits [contained in 
both the ANSI and American Conference of Governmental Industrial Hygienists (ACGIH) 
standards] apply to continuous lasers [for repetitively pulsed lasers, the additional stipulations 
given in the ANSI and ACGIH standards shall apply (Z136.1-198C, ANSI Standard for the Safe 
Use of Lasers, May 23. 1986; and ACGIH Threshold Limit Values and Biological Exposure Indices 
for 1987-1988; respectively.)]. 

1. Determination of "Point Source" or "Extended Source* Laser Exposure Criteria Applicability 
- Exposure limi t* for "Extended Sources" shall apply to sources that subtend a visual angle 
measured ai the eye greater than the alpha- minimum* given in Figure 5.722.13. "Point 
Source" exposure limits shall apply to sources with alpha-minimums less than those shown. 

2. Point Source Laser Eye Exposure Limits - The eye exposure limits given in Figure 

5. 7.3 .2.1- 4 shall apply to all point source lasers. 

3. Extended Source Laser Eye Exposure limits - The eye exposure limits given in Figure 

5.722.1- 5 shall apply to all extended source lasers. 

4. Extended Source Laser Skin Exposure Limits - The skin exposure limits shown in Figure 

5.72.2.1- 6 shall apply to all extended source lasers. 

5. Exposure Limits for Commonly Available Types of Lasers -The eye and skin Laser exposure 
limits for specific types of lasers shown in Figure 5.722.1 -7 shall apply (these limits are 
derived from the limits given in the above figures). 

c. Incoherent Ultraviolet Optical Radiation Exposure Limits 

1. Determination of Combined Continuous and Pulsed UV Exposure Average - Hie irradiance 
from continuous exposure and radiant exposure for time-limited or pulsed exposures to the 
eye or skin Khali be averaged over the area of a circular measurement aperture of less than 
1mm (0.03937 in.) diameter. 

2 UV-A Spectrum (315-400 nm) Radiation Exposure limits - The toral irradiance incident 
upon unprotected skin shall be las than 10 W/m 2 (0.053 BTU/ft 2 - min) for periods of 
exposure longer than 1000 seconds. For exposure times less than 1000 seconds, radiant 
exposure shall be less than 1 J/cm 2 (0.006 BTU/ln 2 ). 
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Table I 

Radio Frequency Protection Guide® 


1 

2 

3 

4 

Frequency 

Mange 

£* 

tF 

Power 

Density 

(MHz) 

(V*/m*) 

(AW) 

(mW/cm*) 

0.3 — s 

4 GO 000 

2.5 

100 

3 - 80 

4000(000//*) 

0.025 (000//*) 

900//* 

30 - 300 

4000 

0.025 

1.0 

300 - 1600 

4000 (//300) 

0.026 (//300) 

fl 300 

1600 -100 000 

20 000 

0.126 

6.0 


Not*: f • fceqaaaer (KHs). 


Refer tne*: 382, Tito 1 With Updxtes 9 

Figure 5. 7. 12J -1 Occupations I Exposure Ualts for Radlofrequeney EUctroaagnetlo Fields 


100.0 


10,0 

5,0 

L 0 


01 



614 volts/meter 

■The ACGIH(1M6) IlmU 
curio attends down to 
10 KHz on the RF spectrum, 
at 100 mW/cm2= 614 */m 



JSC-18796 
April 1367 , 


Radio Frequency Protection Quid* for 
Personnel Exposure to RF/MICROWAVE 
Radiation 


ANSI CSS. 1-1982 

Averaged over 0.1 hr. or all minutes 



p61 volte/meter 


137 volts/meter 


ANSI = American National Standards Institute 

ACQIH s American Conference of Governmental and Industrie! HygenliU 

In 19B5, the Federal Communication Commission adopted (he 1982 AN8I standard. 

In 1986, the National Council lor Radiation Protection adapted the 1982 ANSI standard. 

1 1 I 1 


To 

100 

GHz 


lOOKHz 1MHz 10MHz 100MHz 1GHz 10GHz 

FREQUENCY 

RtfvKC*: 384 ® 

Figure &7J2J-2 Occupational Exposure Units Illustrated to show whoh-body * 

resonance effects around 100 MHZ > 
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Raferarwa: 3E3, Flyura 3 

Figure 5.7.32*1-3 Alphs-ulnhsuas ussd to dotorvdns ’Point Source a or ’Extond&d Soured* Loser Exposures 
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Waml^th, X 

Exposure Duration, r 

Maximum Ptrjiittlbte Exposure 

Cmb) 

(i) 

CMFE) 

Notes for Calculation and Mtt&uvnent 

Ultra violet 



O.20C-G.3O2 

10-7-3 X 10 4 

3 Xl0- J J.c»-7 \ 

CX303 

ID" 1 -! X 10 4 

4 X 10-7 ; • ctfl-7 

i 

0.304 

0.303 

10-7-3 X 10 4 
10-*-3 X 10 4 

6 x 10“* J • cm- 1 
1.0 x IO” 3 j . cnj-1 

1 2 
I or 1^6 J • co ( irtuchtw Is tovsr 

om 

10-7-3 x io 4 

1.6 X IO -3 J • cm -2 i 

f 

0.307 

10-7-3 X 10 4 

2J x IO” 1 J . cm" 3 


0.308 

10-7-3 x 10* 

4Dx IO -3 J .on- 1 l 

1-m fealty opart urs 

0.30$ 

10-7-3 X 10* 

6J X 1 0" * J . crn-7 \ 

0.310 

10-7-3 X 10 4 

1.0 X IO"* J • cm ~7 / 

0.311 

10-7-3 x 10* 

1.6 X 10~ l J .cm-* ( 

qji: 

10-7-3 X 10 4 

U X 10 _1 J 4 an- 3 1 


0.313 

10-7-3 X 10 4 

4.0 X 10” 1 J • c 

i 

oji* 

10-7- 3 X 10 4 

13 X IO** 1 J 4 eta"’ 

I 

a3is~a4oo 

io-*- 10 

0J6 J • ca~ 2 

I 

< 1313 - 0.400 

10-10* 

1 i 4 CT- 2 

1 

0.313-0.400 

10*— 3 x 10 4 

1 x 10” 3 W* cm' 2 / 


Vh&fce aid Hoi Infrarad* 

% 

o.4oc~a.7oo 

10“ 9 -1.8x 10- J 

J X IO' 7 1 • an - * \ 

0.400- 0.7 DO 

1.8 X 1!T*-10 

1.1 r 3 / 4 X 10-7 J . cm* 3 

i 

a4oo-ajjo 

10-10 4 

10 X IO -5 J -an- 2 

1 

0450- 0.700 

i&-r. 

JJ l^* x 10 _i J • eo>-7 

' 7~*u SahUifl spsrturi 

asjo-a7oo 

Tt- 10 4 

10C B x 10-7; • cta-7 | 


0.400- 0.7G0 

!0*-3 X 10 4 

C B x io -4 W. csa-7 

) 

0.700-1.030 

icr 9 -i.8 x io-* 

J C A x IO -7 J • cm -1 / 

C A f7/ 4 x IO -3 J • cm' 1 \ 


Q.’OO-I.OSO 

1.8 x 1 0— ®- 10 3 1,8 


1.031-1.400 

10-®-J X 10-* 

J X IO -4 J • cm— * 

i 

1X31-1.400 

3 x 10-7-10* 

9 f 3 ^X io -3 ; . OT -J 


0.700-1.400 

10*- 3 X 10 4 

320 C\X 10-®W. cm' 2 f 

I 

Fkr IrJmed 
1.4-10 3 

10-®-10“ 7 

10-7;.an-7 ] 



10- 7 — 10 

046 r 1 ^ 4 J » an-* 



>10 



VOTES: C A « irorx- 0400-0.700 »m. 

C A - 10 3 - 6 ' G-W) foi i. - 0.700-1.050 *un 

C A -5 forX" 1 .050-1.400 m«. 

C C - 1 for K - (MOfcOJJO tm, 

Cq ■ IO 1 *' 3 - for X - 0 .530-0.700 wn 
i ! » 10 x lO 30 ^ ' for X ■ 0.5 50-0.700 urn 


R»fjr«noe; 3£3, Tabl« S 81th Upditus 

Figure 5.7.3.2.1-4 ' Point Source 9 Laser Eye Exposure Halts 
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Wl*r length, X 

Exposure Duration, r 

Maximum Ptmuufble Exposure 



0am) 

(i) 

(MFE) 


Notes for Calculation and Measurement 

Ultra riotet 
0.200-0.302 

10 -3 -3 x 10* 

3 xio -3 ;* 

an" 3 

'l 



0. 103 

10~ J -3 x 10 4 

4 X IO -3 J • 

cm' 1 


or 0.5B / 1/4 J 


0.304 

10~ J -3X 10 4 

6 X10 -3 J- 

cm' 3 


cb-2, whichever 

0.305 

10 -3 -3 X 10* 

1.0 X 10“ 3 J • 

an" 3 


| is lower 


0.304 

10“ J -J X 10 4 

1.6 X 10 -3 J < 

cm" 3 

j 


0.307 

10 _, -3X 10 4 

2-3 X 10~ 3 J • 

cm" 3 

1 



0.308 

10~ 3 -3 X JO 4 

4.o x io -3 ;* 

cm" 3 

f 



0.309 

1 0~ 3 —3 X 10 4 

6.3 X IO" 3 J • 

cm" 3 

\ 

> i-rao Halting 

aperture 

0.310 

10 3 X 10 4 

1.0 x 10" 1 J • 

cm' 3 

/ 

0.311 

10 -3 -3 X 10 4 

1.6 X 10 _1 J • 

cm" 3 

I 



0.31. 

10 _J -3 X 10 4 

2J x IO -1 J • 

an" 3 

1 



0.313 

10 -J -3 x 10 4 

4.0 X IO -1 J. 

cm' 3 

1 



0.314 

10 -2 -3 x 10 4 

6.3 x 10 -1 J • 

an" 2 




0.315-0.400 

10“ 9 -10 

0.J6 r*/ 4 1 • 

an" 3 




0.315-0.400 

10- 10 3 

1 J 4 

an" 3 

j 



0.315-0.400 

10 3 - 3 X 10 4 

i x ia~ 3 W’ 

an" 3 

/ 



VLuble* 

Q.400-CX7CO 

ic-Mo 

lOt‘1 3 J • 

un" 3 • 

B-> ] 

| 


0.400-0.550 

10-10 4 

21 J • 

cm" 3 • 

s~ * 

1-mo ..Jilting 

• perture or a Bln, 

a55o-a?oo 

0^50-0.7(30 

to- r, 

r, -io* 

10 4 -3 X 10 4 

lS3f 3 ^ J • 
21 Cm J - 
2J C B 10" 3 W- 

as~* • 
cm" 3 ■ 

ff -1 J 
C- 1 

whichevei Is 

greater 

a4oo-a7oo 

cm -3 * 

H -1 

1 


New Infrared* 
0.700- 1.400 

kt 9 -io 

lOCAf‘1 3 ]. 

or" 3 * 

8 -1 j 

f 

i 


a700- 1.400 

10— IO 3 

3.83 C A r 3 * J • 

cm -2 

V_1 

\ 


0.700— 1.400 

lO J -3 X 10 4 

o.h: a w. 

cm" 2 * 

B _1 1 

l 

( 


Far Infrared 
1 4-10 3 

10~ 9 -10“ 7 

io— 2 j • 

an" 3 

4 

1 

| 

i 

m 

w 


10- 7 -10 

Q_'6/‘^J • 

era - 3 

j 


V 


>10 

aiw. 

an" 2 

1 

i 

\ 



NOTES- 


C A * 1 for X * 0. <00-0. 700 Mm, 

C A • 10 3 - 0 foi - 0.7fKKI.050 *m 

C A * 5 for X- 1.05 1-1.400 *»♦ 


C** 

C B * 
Tj ' 


1 for A - 0.400-0-550 

10 15(X - 0.5 50) for A „ OJJO-0.700 Mtn 

10 X loM<*-°-”°)f 0 :X-O.SS 0-0.700 tun 


Refsrance: 353, Tibln B Bitft Upd»t»* 

Figure 5. 7.32.1-5 "Extended Source" laser Eye Exposure Uaits 
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Wifeleufth.X 

Exposure Dvntioa, t 

Maximum Perroinfbte Exposure 

Oua) 

(i) 

(MFE) 

Hotet for Ctircktian aod Uasuremtst 

Ultra riota 
JU0&-G.3M 

10~ 2 -3 X 10 4 

3 x 10 -3 1 ■ an -1 ' 


0.303 

10 3 —3 X 10* 

4 x 10“ 3 J • ctn -3 

1 or &&**** J • «’ 2 , thteV.xr ts lew 

0.304 

!0 _, -3 x 10* 

6 x 10“ s J • era -2 

0.305 

10“ 3 -2 x 10 4 

113 X IP -3 J • nn“ 3 

0.306 

10“ J -3x 10 4 

1,6 x 10" 3 J • an -3 i 

f 

0.307 

10 _, -3 x 10 4 

2J x 10" 3 I • ea" 3 | 


0.308 

10 -3 -3 X 10 4 

4.0 X 10~ 3 J • ca -3 1 


0.309 

10 -3 -3 X 10 4 

6J X 10“ 3 J • car 3 \ 

t l~sx laitipQ apwtura 

0.310 

10 -1 -3 x 10 4 

12) x 10~ l J • ere -3 / 

) 

0.311 

10 a — 3 X 10 4 

1.6 x 10 -1 J • eta -3 ( 


0.312 

10 _2 -3 X 10 4 

2J x 10" 1 J • an -3 \ 


0,313 

10 _1 -3 x 1C 4 

4 JO X ltr* J ■ cm -3 1 

\ 

0.314 

10 -3 -3 x 10 4 

6-3 x 10 _1 J • era -3 

1 

0.315-0.400 

10~ 9 - 10 

ojer^j - ca- 3 


0.315-0.400 

10-10 3 

1 i ■ an -3 

I 

0.315-0.400 

10 J -3 X 10 4 

1 X 10~ J W> cm -3 j 


Vxfbk and Near Infrared 

2 C A X !<r 3 J . an- 3 | 


0.400-1.400 

10-»-10- 7 

10r- 7 -10 

> 1-m Eaftirrg epirtura 

1.1 CAf^J.an- 3 

03 C A W • cm -3 I 


10-3 x 10 4 

| 

Fax Infrared 
1.4— 10 3 

io-’-io -7 

icr 3 j • em -3 j 

1 1'wm totferg cpsrturi for L4 to U30 pa 


10— 7 - 10 

0-56 J • cm -3 , 

f H-MM toting sptriuri fer HI to In 


>10 

aiw.csr 3 

1.54 

io - 9 to itr 9 

US J e*-2 



Refersnc* 333, TabU 7 With Updates 

Figure 5.7.12J-6 Maxitsua Permissive Exposure (UPD for Skin Exposure to * Laser Bose 


5-2? 





•.0 w; 





"* ' r*“ 'o'-'vr— c C*~ ■** 


£ 

'Ct£ 



w* u 


NASA-S TD-3000/VGLVI 



Primary 

Wavelength 

CnsO 

Exposure Limit 


Laser Type 

Eye 

Skin 

Hellun-Cadalui 

Argon 

441.6 

488/514.5 

a) 2.5 mW ■ cm'* for 0.25 i 

b) 10 mJ ■ cm' 2 for 10 lo 1 0 4 * 

c) 1 tiW • cm" for »> ! 0 4 * 

0.2 W cm" 2 
for t> 10 t 

Hellun-Ncon 

632.8 

a) 2.5 mW • cm" 2 for 0.25 i 

b) 10 mJ cm* 2 for 10 s 

c) 170 mJ cm' 2 for i > 453 i 

d) 17 *jW cm' 2 for l> I0*i 

0.2 W cm’ 2 
for l> 10 i 

Krypton 

647 

s) 2.5 mW cm" 2 for 0.25 s 

b) 10 mJ • cm" 2 for 10 s 

c) 280 mJ ■ cm' 2 for t > 87 1 i 

d) 28 uto • cm" 2 for i> 10 *i 

0.2 W • cm* 2 
for t > 1 0 i 

Neodyoluc: YAG 
Galllua-Arsenlde 
at roos t o sp 

1.064 

905 

1.6 mW cm" 2 for l > 1000 s 
0.8 mW ■ cm" 2 for t > iCCO s 

1.0 W • cm’ 2 
0.5 W • era’ 2 
for t > 1 0 i 

Hellua-CadnluB 

Nitrogen 

325 

337.1 

1 J • cm" 2 for 10 to 3 * 1 0 4 a 

a) 1 J • cm" 2 for 
10 to 1000 s 

b) 1 mW • cm" 2 for 
t> 1000s 

Carbon-dioaide 
[and other lasers 
1.4 |jb to 1000 jjbJ 

10,600 

0.1 W • cm* 2 for l> 10 s 

0.1 W • cm" 2 for 
t> 10 s 


Reference: 353, Table A3 g 

Figure 5.7J£l-7 Intrabeaa t&Pti for the Eye end Sk/n for Selected Ck Lasers 
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3. Actinic UV Spectrum (200-315 nm) Radi'' V l Exposure limits - (The following UV 
exposure limits are contained in ACGtH starm ’ ). The Threshold Limit Values (TLV) for 
radiant exposure incident upon unprotected ski_ to eye within the 3-hour period are given 
in Figure 5,7.3_2,l-8. The maximum exposure durations to broadband actinic UV sources 
are given in Figure 5.7.3.2.1-9. 

4. Broad-Band Optical Sources - The weighting functions listed in Figure 5,7 .3.2.1-10 shall 
apply in determining broad-band optical exposure limits. (See ACGIH for formulae needed 
to calculate exposure rimes), 

5.7.3. 2.2 Ncn-Ic nixing Radiation Protection Design Requirements 

The following design requirements shall be implemented to protect crewmembers against 
non-ionizing radiation. 


a. Safety Guidelines - Systems employing lasers will be designed and operated in accordance 
with the ANSI Standard Z136. 1-1986 except where the unique environment or mission dearly 
makes it unreasonable to do so. The hazard analysis for a system wlH specifically address any 
instance where it does not meet the standard. 

b. RF and Optical Radiation Monitoring - Based on the identified sources of RF and optical 
radiation, monitoring and warning systems shall be provided consistent with the potential 
hazard from each source. 

c. Safety plans of RF and Optical Sources - Safety plans for the safe operation of RF and optical 
radiation sources shall be provided. Basal on rite mission plans, the possibility of providing 
automatic power shutoff or the safety-related RF and optical radiation equipment shall be 
considered. 

cL Protective Measures - Procedures and space module equipment shall be provided to enable 
positive protective measures to be taken to prevent accidental exposures from RF and optical 
radiation. 

e. Personnel Protection Devices - Based on the safety guidelines and the results of the electromag- 
netic hazards analysis personnel protective device requirements (eyewear, do thing) shall be 
established and rite requisite personnel equipment shall be provided. 

5.8 THERMAL ENVIRONMENT 

5.8.1 Introduction - h/A 

5.3.2 Thermal Environment Design Considerations - N/A 

5.8.3 Thermal Environment Design Requirements 

Paragraphs 5.8 .3.1 end 5. 8.3.2 provide rite design requirements for spacecraft cabin thermal 
environments. 
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5.8.3. 1 Temperature, Humidity, and VtmtHsition Design Requirements 

Tlie atmospheric temperature, humidity, and ventilation rates shall meet the requirements in 
Figure 5.1.3.1-1. 

5. 8.3. 2 Thermal Monitoring and Control Design Requirements 

The following requirements shall apply to die monitoring find control of the internal ACRV 
thermal environment: 

a. Monitoring of Thermal Environment - Monitor jog of the thermal environment ahaTl be fully 
automatic. The number, type, and location of temperature sensors and the frequency of 
monitoring shall be such as to ensure measurement of representative cabin temperature and to 
allow stable control of those temperatures. 

b. Crewmembers shall be provided with the capability to control the flow direction of the 
ventilation. 
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Relative 

Spectral 


wavelength 

(nm) 

TLV„ 

(mJ/cm^) 

Effectiveness 

200 

100 

0.03 

210 

40 

0,075 

220 

25 

0.12 

230 

16 

0.19 

240 

10 

0.30 

250 

7.0 

0.43 

254 

6.0 

0.5 

260 

4,6 

0.65 

270 

3.0 

1.0 

280 

3.4 

0.88 

290 

4.7 

0.64 

300 

10 

0.30 

305 

50 

0.06 

310 

200 

0.015 

315 

1000 

0.003 


* See Laser TLVs. 


Reference: 385, page 106-107 9 

Figure 5.7.22.1-8 TLV's for Radiant Exposure of Actinic 
UV upon Unprotected Skin or Eye 

Sw foUo»lnj pagi for appJlwbla rrotas 


Duration of Exposure 
Per Day 


Effective Irradiance, 
E ri , (pW/cm ) 


B hrs . . 

4 hrs. . 
2 hrs . . 
1 hr . . . 

30 min. . 
15 min. . 
10 min. . 

5 min. . 
1 min. . 

30 sec . . 
10 sec . . 
1 sec. . 
0.5 sec 
0.1 sec 


0.1 

0.2 

0.4 

0.8 


1 

3 

5 

10 

50 

100 

300 

3.000 

6.000 

30,000 


.7 

.3 


N 

Reference: 385, page 106-107 * 

X 

Figure 5. 7.3. 2.1-9 Perslsslble Ultraviolet Exposures 

In following pig« for ippllcabla notat 
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Notes for Figures 5.7.1Z1-B TLV's for Rxdlxnt Exposure of Actinia UV upon Unprotected Skin or Eye 

end 

S7.3J.1-9 Permissible Ultraviolet Exposures 


ULTRAVIOLET RADIATION 

These Threshold l imit Value* (TLYc) refer to ultraviolet radiation in the spectral region between 200 and 400 
run and represent condition* under which it it believed that nearly all worker* may be repeatedly exposed without 
adverse effect. Those value* for exposure ef the eye or the akin apply to ultraviolet radiation from arcs, gas and 
vapor discharges, fluorescent and Incandescent source*, and tolar radiation, but do not apply to ultraviolet lasers.* 
These values do not apply to ultraviohu n^w»rinn exposure of phoieseaidve Individuals or of Individual* 
concomitantly expo rod to photosensitizing agents. There value* should be used as guides in the control of 
exposure to coatinuom sources where the exposure duration shall not be low than 0.1 see. 

These values should bo used as guide* la the control of exposure to ultraviolet source* and ihould not be regarded 
a* a fine line between safe and dangerous levels. 

Recommended Values: 

The threshold limit value for occupational exposure to ultraviolet radiation incident upon akin cr eye where 
ixradinnce values ere known and exposure time ii controlled are as follows: 

1. Far the near ultraviolet spectral region (320 to 400 no) total ipodiaace Incident upon tits unprotected vk±a or 
eye should not exceed 1 mW/em2 for period* greater than lCr second* (approximately 16 miauiea) and for 
exposure times leai titan 10 3 seconds ihould not exceed one J/an 2 . 

2. Far tits actinic ultraviolet spectral region (200-315 am), radiant exposure incident upon the unprotected aids 
or eye should not exceed the values given in Figure 5.73 2. 1-8 within an 8-hour period. 

3. To determine the effective bradlanos of a broadband source weighted against the peak of the spectral 
effectiveness curve (270 am), the following weighting formula should be used: 

E off 


Where: 

Eefr - effective Ixradlutse relative to a monochromatic source at 270 nm In W/cm 2 0/s/cm 2 ) 
E; ■ spectral tnadiance in W/cm 2 /nm 
Si « relative spectral effectiveness (unities*) 
faX* band width in nanometers 


4. Penmaaible exposure time in seconds for exposure to actinic ultraviolet radiation incident upon the unprotected 
ikin or eye may be computed by dividing 0.003 J/cnr by Ecff In W/cnr. 


See Laser TLVi, 
Riltrtnai 3B5 
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Wavelength 

(nm) 

Blue-Light 

Hazard-Function 

B, 

Bum Hazard 
Function 

K 

400 

0.10 

1.0 

405 

0.20 

2.0 

410 

0.40 

4.0 

415 

0.80 

8.0 

420 

0.90 

9.0 

425 

0.95 

9.5 

430 

0.98 

9.8 

435 

1.0 

10.0 

440 

1.0 

10.0 

445 

0.97 

9.7 

450 

0.94 
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6.0 CREW SAFETY 

6.1 INTRODUCTION - N/A 

6.2 GENERAL SAFETY 

6.2.1 Introduction - N/A 

6.2.2 General Safety Design Considerations ■ N/A 

6.2.3 General Safety Design Requirements 

The general safety design shall reflect applicable system and personnel safety factors, including 
minimiza tion of potential h uman error in the operation and maintenance of the system. 

6.3 MECHANICAL HAZARDS 

6.3.1 Introduction - N/A 

6.3.2 Mechanical Hazards Design Considerations - N/A 

6.3.3 Mechanical Hazards Design Requirements 

Design requirements for the elimination of burrs, comers, edges, protrusions, pinching, snag- 
ging, and cutting for IVA are given in this section: 

6.3.3. 1 Corner and Edge Requirements 

a. Exposed edges 0.25 mm (0.01 in.) to 1.78 mm (0.07 in.) thickness shall be rounded to a full 
radius as shown in Figure 6.33.1-1. 

b. Exposed edges 2.03 mm (0.08 in.) and greater thickness shall be rounded to a minimum 
radius of 1.02 mm (0.04 in.) as shown in Figure 6.33.1-2. 

c. The edges of thin sheets less than 03 mm (0.02 in.) thick shall be rolled or curled as shown 
in Figure 633.1-3. 


6.S.3.2 Exposed Corner Requirements 

a. Exposed comers of materials less than 25 mm (1.0 in.'' thick shall be rounded to a minimum 
radius of 13 mm (0.5 in.), as shown in Figure 6333-1. 

b. Exposed comers of materials which exceed 25 mm (1.0 in.) thickness shall be rounded to 13 
mm (0.5 in.) spherical radius, as shown in Figure 633.2-2. 
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FuU Radius 


L OJLSmm to U8mm 
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Figure B. 3. 3.1-1 Requirements for Rounding 
Exposed Edges 0.2Sam 
(O.OllnJ to 1.76 bb (0.07lnJ 


L02 mm (0.04 in) 
minimn m radius 


2U3mm (<X0S in() 
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Figure B.3.3J.-2 Requirements for Rounding 
Exposed Edges 2.03am (0.0 B, 
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6.3 3. 3 Protective Covers on Exposed Protrusions Requirements 

Protective covers, cases, or padding shall be used on protrusions or other hazardous objects that 
cannot be made completely hazard free. 

6 >3 .3. 4 Holes Requirements 

Holes that are uncovered in the range of 10.0 to 25.0 mm (0.4 to 1.0 in) shall be avoided. 

6. 3.3. 5 Latches Requirements 

Latches or similar devices that can pinch Angers shall not be used. A protective guard or cover 
shall be used where suitable substitutes cannot be found. 

6. 3.3. 6 Screws and Bolts Requirements 

Screws or bolts with more than two exposed tiu-eads shall be capped to protect against the sharp 
threads. 

6.3.3. 7 Securing Pins Requirements 

Securing pins in handrails shall be designed to prevent their inadvertently backing out above 
the handhold surface. 

6.3.3. 8 Levers, Cranks, Hooks, and Controls Requirements 

Levers, cranks, hooks, and controls shall not be located where they can pinch, snag, or cut the 
crewmember or clothing. 

6.3.5.9 Burrs Requirements 

Exposed surfaces that can be grasped by the bare hand shall be free of burrs. 

6.3.3. 10 Mechanically Stored Energy Requirements 

Care should be taken in the design of mechanical devices capable of storing energy (such as 
springs, levers, and torsion bars) to avoid injury to the crew. 


a. Safety Features -Where stored energy devices are necessary, safety features such as removal 
tabs, lodes, protective devices, and warning placards shall be provided. 

b. Stored Energy Release - Spring-loaded devices (Le., bungee restraints) shall provide means 
for releasing stored energy forces. 

c. Backlash - Stored energy devices shall not generate a backlash. 
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6.4 ELECTRICAL HAZARDS 

6.4.1 Introduction • N/A 

6.4.2 Electrical Hazards Design Considerations - N/A 

6.4.3 Electrical Hazards Design Requirements 

Equipment design shall protect the crewmembers from electrical hazards including those 
hazards resulting from contract with live conductors and those hazards resulting from leakage 
current. 

6.4.3. 1 Chassis Leakage Current 

Crewmembers shall not be erxssed, by direct or indirect contact with electrically powered 
equipment, to excessive levels of leakage current as specified within this section. 

6.4.3. 1.1 Chassis Leakage Current (with frequency components up to 
1 kHz) 

The available cnassis leakage currents for equipment with leakage current frequency com- 
ponents up to one kilohertz shall not exceed the values shown in Figure 6.4.3. 1.1-1. 

6.4.3. 1.2 Chassis Leakage Current (with frequency components up to 
1 kHz) Patient Care Equipment - N/A 


ENCLOSURE OR CHASSIS 1 

GBflUMDEE 

DOUBLE INSULATED 

R ‘If 

BL 

W 

0.700 0.500 

0.350 

0250 


Figure 6. 4. 3. 1.1-1 Nonpstlent Equipment Maximum Chassis 

Leakage Current With Frequence Components 
Up To 1 Kilohertz 
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6.4.3. 1.3 Chassis Leakage Curresst (with frequency components above 1 
kHz) * Grounded Enclosure/ Chassis 

The available leakage currents for grounded enclosure/chassis equipment with leakage current 
frequency components above 1.0 kilohertz shall not exceed the values shown in Figure 6.4.3. 1.3-1. 

6.4.3. 1.4 Chassis Leakage Current (with frequency components above 1 
kHz) • Double Inflated Enclosure/ Chassis 

The available leakage currents for double Insulated enclosure/chassis equipment with leakage 
current frequency components above 1.0 kilohertz shall not exceed 1/2 the values shown in Figure 
6.4.3. 1.3-1. 


6.4.3. 2 Crewmember Applied Current Requirements - N/A 


MAXIMUM CHASSIS LEAKAGE CURRENT* * 4 


RESISTANCE (KilOOHMa) 
INSERTED IN SERIES WITH 


DC 

DC •« f 1 & 1 khx 

1 Wu<f 1,2 

QROUNDfNO CONDUCTOR 

me 

ma RMS 

maflMS 

FOR MEASUREMENT® 

0.700 

Q.500 

O^x^jajilO.O 

14S» 


NOTES: 

1. T is the frequency component of current contributing to the total chassis leakage 
current 

2. The maximum leakage current for each frequency component above 1 khz la 
Individually computed. 

The sum of the leakage current components within each band of frequencies shall 
not exceed the maximum leakage currents shown for that bend of frequencies. 

The sum of the three bands of frequency components Is the total chassis leakage 
current end shall not rsx coed lOJ monampem. 

A method for determining the chassis leakage current Is to use a spectrum 
analyser to measure the vottag® developed across a resistance Inserted in series 
with the grounding conductor. A frequwwy'e contribution to total leakage current 
(mil! lamps res) to then computed es the frequency's voltage (volts) measured 
across the resistance In series with the ground conductor divided by the 
reslstar.ct (klloohms) In series wttfi the ground conductor. 


3. 




5 . 


II 


Figure S.4.3.1.3-1 Grounded Enclosure/Chassis Maximum Leakage Current 
Kith Frequency Components Over One kilohertz 
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6 4. 3. 3 Crewmember Protection Requirements 
6.4 s 3.S.l Grounding Requirements 

All electrically powered equipment external. non-isolated metal parts subject to user contact 
shall be at ground potential A permanent grounding means shall be provided to facilitate the 
connection of metal parts to ground prior to the connection of any electrical signals or power. A 
permanent grounding means shall be provided to facilitate the removal of all electrical signals and 
power prior to the removal of metal parts from ground. Static and safety grounds shall not be used 
to con lplete electrical circuits. 

6. 4.3. 2,1.1 Hinged Or Slide Mounted Panel* and Doors Grounding 

Hinges or slides shall not be used for grounding paths. 

6.4.5.3.2 Protective Covers And Termination Poi ts Requirements 

Equipment shall provide grounded or nonconductivc protective covering for all electrical 
hardware. 

Electrical termination points shall be protected from inadvertent contact by crewmembers, 
inadvertent contact from foreign objects ending electrical junctions, and moisture accumulation. 

6.4.3.5.3 Interlocks Requirements • N/A 

6.4.3. 3. 4 Warning Labels Requirements 

Warning labels shall be provided where potentials are hazardous to crewmembers. 

6.4.3. 3.6 Warning Labels Plus Recessed Connectors Requirements - M/A 

6.4.5.3.6 Plugs and Receptacles Requirements 

a. Plugs and receptacles (connectors) shall us ejected and applied such that they cannot be 
mis mated or cross-connected in die intended system as well as adjacent systems. Although 
required, me use of identification alone is not sufficient. 

b. Connectors shall be selected and applied such that they have sufficient mechanical protection 
to prevent inadvertent crewmember contact with exposed electrical contacts. 

c. Where crewmember connector mating and demating are anticipated, connectors shall be 
specifically desig ned and approved for mating and demating in the existing environment under 
the loads being earned, or connectors shall not be mated or demated until voltages have been 
removed from die powered side(s) of the connectors. 

d. When oewmember connector mating and demating are anticipated, the design shall provide 
sufficient room such as to allow connector mating and demating without injury to the crewmem- 
ber or damage to the connector or surrounding connectors or components. 


^ a. 
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e. Mechanical strain, such as pull, push, or twist, shall be avoided from being transmitted to 
electrical junctions, whtre the strain is static or is imposed by service conditions, 

f. Connectors which are mounted to a surface and require a twisting motion by a crewmember 
to mate or demate shall be positively keyed or pinned to their mounting surface. 

6. 4.3.3. 7 Insulation Requirements 

All materials shall meet the following requirement: 

i. All exposed electrical conductors shall be Insulated utilizing approved insulating materials. 

b. The crew shall be protected from electrical hazards when performing mp.fat-CTmrifp on 
equipment with exposed electrical potentials. 

6.4.3.5.8 Power Cords Requirements 

Battery powered portable equipment shall be double insulated. Non-battery powered portable 
equipment shall incoipo-rate a three- wire power cord with one wire at ground potential A syEtem 
of double insulation or its equivalent, wren approved by die procuring agency, may be used without 
a ground wire. 

6.4.3. 3. 9 Moisture/Fungus Growth: Protection Requirements 

Equipment shall be designed so that moisture collection or fungus growth will not present a 
safety hazard to the crew. 

6.4.3.3.10 Static Discharge Protection Requirements 

Equipment shall be designed so that die crewmembers are protected from static charge buildup. 

5.4'3.l;.ll Spacing Between Connectors Requirements 

Equipment shall be designed so that a connector installadon/removal tool will not mnVp contact 
between the adjacent connectors. 

6.4.3.3.12 Bioinstrumentation System Shock Protection Requirements - 
N/A 

6.4.8.3.13 Electrical Bonding 

On-orbit electrical bonding shall prevent injury to crewmembers due to discharges (static, 
plasma, ere.), induced RF voltages, internal power-faulted equipment, and acHdemal short circuits. 
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6.4.S.3.14 Electrical Shielding - N/A 
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6.4.3.3.15 Overload Protection 

a. The functioning of en overload protective device shall not result in a fire, electrical shock, or 
crewmember injury. 

b. An overload protective device shall not be accessible without opening a door or cover, except 
that the operating handle or operating button of a circuit breaker, die cap of an extractor-type 
fuseholder, and similar parts may project outside the enclosure. 

c. The arrangement of extractor- type fuseholders shah be such that the fuse shall not be positively 
held or gripped by any part of die fuseholder while energized parts are exposed at any time 
during replacement. •Hip Inari shall he mnnected to the fuseholder te rminal that terminat es die 
removable cap assembly. 

d. Overload protection (fuses and circuit breakers) intended to be replaced or physically reset 
shall be located where they can be seen and replaced or reset without removing other 
components. 

e. Each overload protector (fuses and circuit breakers) shall be readily identified for its proper 
value. 

6.4.3.3.16 Batteries 

Intravehicular batteries shall be located so that they can be easily replaced without special 
equipment. Polarity of the battery terminals shall be prominently marked. 

6.4.3.3.17 Combustible Materials - N/A 
6.4.3.3.13 Cable and Wiring - N/A 

6.4.3.3.19 Mechanical Assembly 

A switch, fuseholder, lampholder, attachment plug receptacle, or other energized component 
that is handled by a crewmember shall not rely on friction alone to prevent turning in hs mounting 

paneL 

6.4.3. 3. 20 Switchee/Conisols 

Switches/controls shall be designed such as to prevent hazardous unexpected manual or 
automatic operation. Switches/controls which provide automatic starting after an overload initiated 
shutdown shall not be employed . 

6.4.3.3.21 Electronically Produced Radiation • N/A 
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6.4.3. S. 22 Power Driven Equipment And Controls 

If a risk of injury to a crewmember can result from the motion of power driven equipment: 

a. The controls for that mechanism shall be of a reversible type and shall not continue operation 
of the moving part in the same direction when a switch readily accessible to that crewmember 
is activated to initiate operation in the other direction, or 

b. The power driven equipment shall be mechanically constructed such that the injurious forces 
are immediately removed by activation of a switch readily accessible to that crewmember. 

6.5 TOUCH TEMPERATURE 

6.5.1 Introduction - N/A 

6.5.2 Touch Temperature Design Considerations • N/A 

6.5.3 Touch Temperature Design Requirements 

Surface touch temperature design requirements for minimizing crewmember discomfort and 
injury axe as follows: 

a. The design goal for die maximum surface temperatures which can come into contact with 
bare skin shall be 40°C (104°F). 

b. The maximum allowable surface temperature for continuous contact vvuL bore sVin shaTl be 
45°C (113°F). 

c Incidental or momentary bare skin contact with surface temperatures from 46° - 49°C (1 14° 
• 120°F) is permissible. Warning labels shall be provided to alert crewmembers to thee 
excessive temperature levels. Guards or insulation shall be provided to prevent crewmember 
contact with surface temperatures in excess of 49°C ( 120°P) . Where contact with surfaces above 
this limit is required, adequate warning labels and protective equipment are required. 

d. For surface that must be touched with bare skin, die minimum temperature shrill not be 
below 4°C (39°F). Where contact with surfaces below this limit is required, adequate warning 
labels and protective equipment are required. 

6.6 EIRE PROTECTION AND CONTROL 
o.6.1 Introduction - N/A 

6,6.2 Fire Protection and Control Design Considerations - N/A 
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6.6.3 Fire Protection and Control Design Requirements 

Fire protection end control design requirements are given below. 

6.6.3. 1 General Requirements 

6.6.5.1.1 Fire Protection System 

A fixe protection system comprising detection, warning, and extinguishing devices shall be 
provided during all mission phases. 

6.6.3. 1.2 Material Selection 

Only approved fire-retardant materials shall be used. 

6.6.5.2 Detection Requirements 

6.6.3. 2.1 Detection System Signals 

The fire detection system shall provide signals to the vehicle warning system. 

6.6.5.2.2 Reset and Self-test 

The fire detection system shall have reset and self-test capabilities. 

6.6.3. 2.3 Sensor Replacement 

All sensors shall be replaceable and accessible. 

6.6. 3.3 Warning System Requirements 

Warning - General requirements for the fire warning system are as follows: 

a. The caution and warning system s hall include a fire warning system to alert, the crew in case 
of a fire. 

b. The fire wa rning system shall be capable of operating independently. 

c. Warnings shall be both visual and auditory to provide maximum information to the crew for 
timely acriom 

d. The visual fire wa rning display shall be aviation red in accordance with MIL-STD-25050. 
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6.6.S.4 Extinguishing Requirements 

a. Portable fire extinguishers shall be provided to contain and extinguish all fires in open and 
inclosed areas. 

b. The dedgn of the portahle fire extinguishers and interior components shall provide for access 
to enclosed areas with the extinguisher or extinguishing agent via fire holes or other function- 
ally equivalent design solution. 

c. The design of the portable fire extinguisher shall provide for single handed use. 

cL Chemical agents used for fire extinguishing shall be compatible with tosidty requirements 
for the ACRV and the SSF. 


e. Design of the vehicle and its components shall provide for rapid access with fire fighting 
equipment 
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7.0 HEALTH MANAGEMENT 

7.1 INTRODUCTION - N/A 

7.2 PREVENTIVE CARE 

7.2.1 Introduction - N/A 

7.2.2 Nutrition 

7.2.2. 1 Introduction - N/A 

7.2.2.2 Nutrition Design Considerations - N/A 

7.2.2. 3 Nutrition Design Requirements 

7.2. 2. 8.1 Food Design Requirements 

a. Food provisioning - The food shall be shelf stable with a minimum shelf life of 2 years 
when stored at 21°C (70°F). 

b. Number of meals - One meal per person shall be stored for each eight hours of an- 
ticipated occupancy of the ACRV, including orbital loiter time and time on the earth’s surface 
without rescue services. 

c Weight and volume - Weight of die food shall not exceed 0.3 Kg (0.67 lb) per person and 
volume shall not exceed 1 liter (0,035 ft 3 ) per person for each eight hours of anticipated 
ACRV occupancy time. 

7. 2. 2.2. 2 Potable Water Design Requirements 

7. 2. 2.3.2. 1 Potable Water Quality Design Requirements • N/A 

7.2.2.5.2.2 Potable Water Quantity Design Requirements 

The supply of available water for drinking and rehydrarion of food shall be a minimum of 
0.05 Kg (2.1 lbs) per person for each eight hours of anticipated ACRV occupancy time, including 
orbital loiter time and time on the earth's surface without rescue services. An additional 1 Kg 
(2J2 lbs) of water and 8 one gram salt tablets shall be provided for each person for the purpose 
of supporting re-entry fluid loss countermeasures. 

7. 2.2.3. 2. 3 Potable Water Temperature Design Requirements 

Drinking Water shall be prevented from freezing. 
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7.2.5 Reduced Gravity Countermeasures 

7.2.3. 1 Introduction - N/A 

7.2.3. 2 Reduced Gravity Countermeasures Design Considerations - M/A 

7.2.3.5 Exercise Countermeasures • M/A 

7. 2.3. 4 Nonexercise Countermeasures 

7.2.5.4.1 Introduction - M/A 

7.2.5.4.2 Nonexercise Countermeasures Design Considerations - M/A 

7.2.3.4.5 Monexercise Countermeasures Design Requirements 

Pharmacological methods, including oral rehydration, shall be provided to increase the 
body's total fluid volume. These countermeasures shall be completed prior to entry. 

7.2.4 Sleep - N/A 

7.2.5 Personal Hygiene - M/A 

7.2.6 Pre/Post -Mission Health Management - M/A 

7.2.7 Health Monitoring 

7.2. 7.1 Introduction - N/A 

7.2.7.2 Routine Health Monitoring Design Considerations - M/A 

7. 2. 7.3 Routine Health Monitoring Design Requirements 

7.2.7.5.1 Routine Crew Health Monitoring Design Requirements - M/A 

7.2.7.5.2 Water Supply Monitoring Design Requirements • M/A 

7.2.7.3.S Environmental Monitoring Design Requirements 

Environmental monitoring shall be accommodated as necessary to maintain crew health. 
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7.3 MEDICAL CARE 

7.3.1 Introduction * N/A 

7.5.2 Medical Cere Design Considerations - N/A 

7.3.3 Medical Care Design Requirements 

The ACRV shall provide first aid and survival equipment appropriate to the landing environ- 
ment 


7.4 CREW SURVIVAL 

7.4.1 Introduction - N/A 

7.4.2 Crew Survival Design Considerations - N/A 

7.4.3 Crew Survival Design Requirements 

a. The ACRV shall be designed to preclude hazard to the crew or prevent egress from the 
crashed vehicle in the event of off nominal landing . 

b. Equipment end attachment structures inside the crew compartment (including fittings and 
fasteners) shall be designed for off nominal lnrding loads specified below in Figure 7.43-1. 

7.4.3. 1 Medical Kit Design Requirements 

The ACRV shall provide an emergency medical kit listed in Figure 7.43.1-1. 

7.4.3. 2 Crew Survival Kit Design Requirements 

The ACRV shall provide the survival equipment listed in Figure 7.433-1. 


Nx 

Ny 

Nz 

20.0 

3.3 

10.0 

-3.3 

-3.3 

-4.4 


6 


Note: These load factors shall act independently 
and the longitudinal load factor be 

directed within 20° of the longitudinal axia 


Figure 7.4.3-1 Ultimate Inertia Load Fedors 
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Airway 

Oral airway Min. of 4 
Tracheal tube w/atylet Min. of 2 
Laryngoscope 1 
Pertrach Kit 1 
Comox resuscitator 1 
Ambu Bag 


Antiseptics 

Alcohol wipes 

Bandages 

Ace Bandage 
Banda ids 
Kling 
Sponges 

Telfa pads ( 4 x 4s) 

Wound pack 

Burns 

Silvadene cream (silver sulfadiazine) 
Decongestants 

Afrin nasal spray 1 bottle 

Diagnostic Equipment 
Blood Pressure cuff 
Stethoscope 

Eye Treatment 

Tearisol eye drops (artificial tears) 

Motion Sickness 
Phenergan, oral 
3cop/Dex 

Pain Medications 

Ascriptin (aspirin) 

Tylenol (acetaminophen w/codeine) 

Miscellaneous 

Scissors 

Tweezers 

Tape (generic adhesive - medical) 
Steri-Strip skin closure 
Penlight 


Figure 7.4.3.1-1 ACRY Emergency Medical Kit 
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LAND ONLY 


WATER ONLY 


Water (2 liter/person) 

2 liter/person 

Day/night flare 

2 

Thermal blanket (large) 

2 

Chem lights 

10 

Strobe light 

1 

Pen gun flaraa 

1 gun, 14 flares 

First aid kit 

1 

PRC-112 radio (kit) 

1 

Signal mirror 

1 

Knife 

1 

Sunscreen 

1 

Compass 

1 

Whistle 

1 

Penlight 

2 

S AXIS AT Beacon 

1 

Motion sickness pills 


Sea dye marker 


Life raft 


Matches 


Fire starter kit 


_ 



in first aid kit 
4 

1 crew raft 


Figure 7 A, 3.2-1 ACRV Proposed 24 Hour Survival Kit ( Post-landing ) 
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8.0 ARCHITECTURE 

( 8.1 INTRODUCTION - N/A 

8.2 OVERALL ARCHITECTURAL CONSIDERATIONS AND REQUIREMENTS - 
N/A 

S.S CREW STATION ADJACENCIES - N/A 

6.4 COMPARTMENT AND CREW STATION ORIENTATION - N/A 

8.5 LOCATION CODING 

8.5.1 IntrodiietioH - N/A 

8.5.2 Location Coding Design Considerations - N/A 

8.5.3 Location Coding Design Refinements 

8.5.3. 1 Alphanumeric Coding Design Requirements 

An alphanumeric coding system shall be established for the Assured Crew Return Vehicle. The 
system shall have the following characteristics: 

( a. Ease of Use -The coding system shall be simple to use, communicate, and memorize. 

b. ACRV Consistency - The coding system shall be consistent throughout the ACKV and attached 
components and the Space Station Freedom. The system shall be consistent for both Interior 
and exterior locations. 

c. User Consistency • The coding system shall be consistent for ell personnel who use and 
maintain the ACKV. Hie system shall be compatible with (if not Identical to) design engineering 
location systems. 

d. Flexibility • The coding system shall be flexible to allow adaptation to ACRV design changes 
and reconfiguration. 

8.5.3 2 Directional Designation Design Requirements * N/A 

B.S.3.3 Location & Orientation By Color Coding Design Requirements 

The following requirements apply to the use of color for location and orientation coding: 

a. Colors - The colors selected for coding shall be consistent with the requirements in Paragraph 
9.5^3 Color Coding. 

b. Consistency • If color is used for location coding purposes, the colors shall have the same 

i operational significance througho ut die ACRV and shall be consistent in application. 
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8.5.3. 4 Location Coding W*tn Placards Design Requirements 

An ACRV shall have markings to provide the crew with equipment and compartment identifica- 
tion, and directional and spatial orientation information. The specific requirements for location 
coding placards are as follows: 

a. Map * A map of location cod*** shall be provided at the entrances t areas where the coding 
scheme is not obvious to the ux. . member or for areas in which there is a significant amount of 
preparation activity such as stowage, adjustment, or maintenance of items. 

b. Placards on Movable Items - Movable items and their stowage locations shall be labeled as 
necessary to ensure the item is returned to the proper location after use. 

c. Directional Designation - A visual cue shall be provided to allow the crewmember to quickly 
adjust to the orientation of the crew station. 

d. Markings - Label and placard format and markings shall meet the requirements in Paragraph 
9.5, Labeling and Coding. 

8.6 ENVELOPE GEOMETRY FOR CREW FUNCTIONS - N/A 

8.7 TRAFFIC FLOW - N/A 

8.8 TRANSLATION PATHS 

8.8.1 Introduction - N/A 

8.8.2 Translation Path Design Considerations • N/A 

8.8.3 Translation Path Design Requirements 

8.8.3. 1 Minimum Translate Path Dimensions Design Requirements 

Minimum cross sectional dimensions of translation paths for one crewmember in light clothing 
are shown in Figure 8.8 3. 1-1 and Figure 8. 8.3. 1-2. Translation path access to seating shall consider 
body dimensions specified in 3.3. 1.3-1. 

8.6.3. 2 Clearances Design Requirements 

In addition to the minimum dimensions given in Paragraph 8. 8.3.1, translation paths shall be 
designed to provide the following clearances: 

a. Equipment or Package Clearances - Translation paths through which equipment or packages 
must be transported shall allow sufficient clearances for the safety of both die equipment and 
die ACRV. 
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TBD 


Figure B.B.3J-2 Ulnlsua Translation n ath 
Distensions for 1-S, One 
Crewaestber In Light Clothing 


b. Orientation and Directional Change Clearances - Additional clearance volume shall be 
provided as required for die crewmember to make changes in orientation and/or direction of 
tniveL 

c 111 or Injured Crew Ingress/Egress Clearance - TBD 

8.8. S.3 Translation Path Obstructions and Hazards Design Requirements 
The following translation path obstructions and hazards shall br minimized: 

a. Injury or Damage From Translation Path Surface - Design translation paths to minimi?* the 
possibility of injury to the crewmember or damage to transferred equipment or die facility during 
translation. 

b. Damage to Nearby Equipment • Equipment located near traffic paths shall be designed to 
withstand the abuse of crew translation (for example, equipment may be used as a grasp surf sc : 
or a surface from which crewmembers propel themselves). 

c Obstructions and Entanglements - The translation path and stirrounding areas snail be 
designed to minimi?* the possibility of entanglement of translating crewmembers or equipment 
with loose objects such as restraints, cables, hoses, wires, etc. 

8.9 MOBILITY AIDS AND RESTRAINTS ARCHITECTURAL INTEGRATION 


8.9.1 Introduction - N/A 

3.9.2 Mobility Aids & Restraints Integration Design Considerations • N/A 
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8.9.3 Mobility Aids am" Restraints Design Requirements 

8.9.3. 1 IVA Mobility Aid Integration Design Requirements 

Mobility pida shell be located along translation paths as necessary for crewmembers to initiate 
translation movement, terminate translation movement, or change direction or speed. 

8.9.3. 2 IVA Restraint Integration Design Requirements 

The following are requirements for integration of fixed IVA restraints into the ACRV architecture: 

a. Areas Where High Force Application is Required - Restraints shall be provided where 
crewmembers are expected to exert forces that cause the body to move in reaction, thereby 
degrading task performance. 

b. Medical Facility - At least one ACRV couch shall be configured to accommodate patient 
restraints from the Space Station Freedom Health Maintenance Facility. Appropriate restraint 
shall be provided to allow access to the ill or injured patient. 

c. Noninterference - Restraints shall be located so as not to restrict or interfere with crew 
operations. 

8.10 HATCHES AND DOORS 

8.10.1 Introduction - N/A 

8.10.2 Hatch and Door Design Considerations - N/A 

8.10.3 Hatch and ^oor Design Requirements 


8.10.3.1 Location Design Requirements - TBD 

8.10.3.2 Pressure Hatch Indicator/VIaual Display Design Requirements 

Pressure hatch covers shall have the following visual displays and indicators: 



. 
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a. Visual Inspection of Hatch Security - A m eans shall be pro dded on both sides of the pressure 
hatch for visual safety check to ensure that it has been secured properly. 

b. Status Display - Pressure differentials and hatch operational status displays rhall be provided 
as necessary for safety at appropriate space module command and control center(s). 

c. Pressure Difference Indicators - Pressure hatches shall have pressure difference indicators 
visible on both sides of the hatch. 

d. Operating Instructions - All pressure hatches shall display operating procedures on both sides 
of the hatch. 
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8. 10.3. S Opening cad Closing MecheTlsms Design Requirements 

The hatch and door opening and dosing mechanisms shall meet the following design require- 
ments: 


a. Special Tools- The ACRY design shall allow the crew access hatches to be manually opened 
from the interior and estcriar without die use of tools. 

b. Emergency Operation - Latching mechanisms shall provide for emergency operation in case 
of a latching system failure. 

c. Operation From Both Sides - Hatchs shall be capable of being operated, locked, and unlocked 
from either side. 

d. Interlock -Pressure batches shall be prev ented from unlatching prior m pressure pi paHza ritm, 

e. Single Crewmember Operation - Hatches shall be capable of being operated by one crewmem- 
ber. 

f. Emergency Closing - Hatches and doors shall allow crewmembers to dose covers with or 
against pressure differentials, far the worst case pressure differential antidpated. 


8.10.3.4 Operating Forces Design Requirements 


Hatch and door cover operating forces shall meet dm following requirements: 

a. Latch Operations - The force required to operate door and hatch latches shall not exceed die 
strength of the weakest of the defined crewmember as defined in section 4.10, Effects of 
Deconditioning. 

b. Restraints • Restraints shall be provided as necessary to counteract body movement when 
opening or closing die hatch. 

3.10.3.5 MLaimmai Size Design Requirements 

The hutch err door opening shall be free of protrusions which might injure personnel or damage 
equipment. The minimum size of these openings shall accommodate passage or the largest 
replaceable module or crewmember (whichever is larger) intended to pass through the opening. 

8.10.3.6 Door and Hatch Shape Design Requirements 

Doors and pressure-sealing hatches shall be shaped such that they can pass through the opening 
into which they are designed to fit/seal to allow for removal, mainte n ance, repair, relocation, etc. 
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8.11 viewing - N/A 

8.12 INTERIOR DESIGN AND DECOR 

8.12.1 Xntrouuctloc - N/A 

8.12.2 Interior Design and Deccr Design Considerations • N/A 

8.12.3 Interior Design and Decor Design Requirements 

The following are requirements for the interior design and decor of the ACRV: 

8.12.3.1 Aesthetic and Psychological Requirements - N/A 

8.12.3.2 Decor Flexibility - N/A 

8.12.3.3 Color Selection 

The use of dark flow brightness) or saturated colors shall be restricted to small areas, (e.g., 
handrails, display frames, etc). 

8.12.3.4 Decor Cleaning and Maintenance 

All surfaces shall be easily cleaned and mnlnralnpri- 

8.H2.3.S Decor Durability 

Decor materials shall be resistant to abrasion, scratching, and corrosive contaminants such as 
spilled ch emicals , grease, body excretions, fungi, moisture, direct sunlight, ozone, and airborne 
particles. 

8.12.3.6 Safety 

The decor shall not be hazardous to the crew. Potential hazards include flammability, offgassing 
of toxic fumes, and mechanical hazards. 

8.13 LIGHTING 

8.13.1 Introduction - N/A 

8.13.2 Ughting Design Considerations - N/A 

8.13.3 Li ghting Design Requirements 
8.13.3.1 Illumination Level Design Requirements 
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8. 15. 5. 1.1 General Interior Illumination Levels Design Requirements 

The interior general illumination of the Assured Crew Return Vehicle shall be a minimum of 108 
lux (10 foot-candles) of white light- 

8.13.3.1.2 Illumination For Specific Tasks Design Requirements 

The li ghting level shall be measured on the primary work surface visual interface or 30 i n che s 
above the floor where appropriate. Measurement shall be taken at 80% of maximum power. 

Specific IVA task lighting requirements are defined in Figure 8.13.3.1.2-1 which also defines 
illumination levels for workstations. 


S.13.3.1.S Illumination Levels of Sleeping Area^ Design Requirements - 
N/A 


AREA or TASK 

Lux 

(Ft. C.) 

GENERAL 

54 

(5) 

PASSAGEWAYS 

32 

(3) 

Hatches 

54 

(5) 

Handles 

54 

(5) 

Ladders 

54 

(5) 

STOWAGE AREAS 

54 

(5) 

HEALTH MAINTENANCE 

215 

(20) 

WORKSTATION 

ICS 

(10) 

EMERGENCY LIGHTING 

32 

(3) 


Reference: 351 With Updates 


Note: Levels era neesured at the task or 7B0na (30 In) 
above floor. Ail levels arc Binlmuns. 

Figure B.13.3J.2-1 Space Vehicle Illumination Levels 
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8.13.3.1.4 Illumination Levels for Dark Adaptation Design Requirements 

If maximum dark adaptation is required, provisions shall be made for dimming or extinguishing 
shall be provided. 

When dark adaptation is required for performance of tasks, the following measures shall be 
taken: 

a. Low Level Li ghting - I-nw bvpl lighting shnll he pmviri ed far m.<;k pfrfnrmnnr-p which minimize 

loss of dark adaptation. 

b. Protection From Stray Light - Areas requiring low level illumination shall be protected from 
external light sources. All external windows shall be provided with protective light shields 
(shades, curtains, etc ) 

8.13.3.2 Light Distribution Design Requirements 

8.13.3.2.1 Glare From Light Sources Design Requirements - N/A 

8.13.3.2.2 Reflected Glare Design Requirements - N/A 

8.13.3.2.3 Brightness Ratio Design Requirements 

The maximum and minimum luminance ratio for any individual surface shall not exceed 20:1. 

8.13.3.3 Light Color Design Requirements 

The color temperature of the li ghting shall be 3800 X or greater. 

8.13.3.4 Lighting Fixtures and Controls Design Requirements 

The following design n nuirements apply to lighting fixtures and their controls: 

a. Emergency Lights - An independent, self-energizing illumination system shall be provided 
that will be automatically activated in the event of a major primary power failure or main lighting 
circuit malfunction resulting in circuit breaker interruption. 

b. Controls - Lighting controls shall meet the following requirements 

1. Required controls - Each light fixture shall have its own control Controls for artificial 
ill umina tion at the workstation shall be located within the reach envelope for the operator 
at the display/control panel or workstation that is affected. 

2. Control identification - Lighting controls shall be illuminated in areas that are frequently 
darkened. 

3. Vt ibility - Dimmer controls shall be provided (either discrete or continuous) wh-m 
required for mission requirements. 
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c. Flicker - Light sources shall not have a perceptible flicker. 

d. Fixture Protection - The following protective measures shall be incorporated into li ghtin g 
fixtures: 


1. Protection from crew • Light sources shall be protected from damage by crow activity. 

2. Hot surfaces - Provide protective covers on lighting fixtures whose surface temperature 
exceeds die nKurimum allowable temperatures given in Paragraph 6.5.3 b. 

3. Bulb or Lens Breakage - Provisions «hnll be incorporated into all light fixtures to contain 
all glfl« fragments in die case of bulb or lens breakage. 

4. Replacement of Bulbs -Provisions shall be incorporated into all light fixtures to allow for 
replacement of bulbs or luminaires as appropriate without tools and without imposing any 
hazard to the crew. 

e. Portable li ghts - Portable lights shall be provided as necessary for illumination of otherwise 
inaccessible areas or as supplemental lighting. 

8.13.3.5 Ambient Medical Lighting Requirements 

a. The light intensity shall be as specified in Figure 8.13 .3. 1.2-1. 

b. The minimum (contingency) illuminance needed for patient treatment is 215 lux (20 ft ocL). 
c The light source shall have a color temperature of 5000 °K. 

8.13.3.6 Workstation Illumination Design Requirements 

a. P rimar y viewing areas (30 to 60 degree visual angle about primary line of sight) - M a intain 
a 5:1 ratio. 

b. If workstations are required, provisions shall be made for integral l ig ht i n g. The l i g hting shall 
be dimmable. 
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9.0 WORKSTATIONS 

9.1 INTRODUCTION - N/A 

9.2 WORKSTATION LAYOUT 

9.2.1 Introduction - N/A 

9.2.2 General Workstation Design Factors - N/A 

9.2.3 Control/Display Placement and Integration 

9.2.3. 1 CoatroJ/DLsplay Placement and Integration Design Considerations 
-N/A 

9. 2.3.2 Control/Display Placement and Integration Design Requirements 

9.2.3. 2.1 Control Spacing Design Requirements 

Minimum and preferred spacing for different types of controls are shown in Figure 9 .2. 3.2. 1-1 
for the ungloved condition. 

9.2.3. 2.2 Display Readability Design Requirements 

Displays shall be located and designed so that they may be read, to the degree of accuracy 
required, by personnel in the normal operating or servicing positions without requiring die operator 
to assume an uncomfortable, awkward, or unsafe position. Requirements for designing readable 
displays are provided below. 

a. Accessibility - Displays shall be visually accessible. 

b. Parallax Error - Displays shall be located so that they can be read from the design eye point 
with no discernible parallax. 

c. Orientation - Display feces shall be perpendicular to the operator's llne-of -sight whenever 
feasible. The angle between the line-of-sight and the normal to the display shall always be less 
than 30 degrees. 

d. Simultaneous Use - A visual display that must be monitored concurrently with manipulation 
of a related control shall be located so that it can be read to within required accuracy while 
adjusting the control. 

e. Display Functio nalit y - Displays shall provide positive and unambiguous indication of system 
state (e.g., a light indicating "power on", a b linking cursor indicating "r^ad y"). These positive 
indications shall be used consistently throughout the ACRV. 
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Rotary Saitoh 


BSD i 

25 mm (1 in) min 
35 mm (1,4 in) preferred 

T 


25 mm (1 in) min 
35 mm (1.4 in) preferred 




20 mm (0.8 In) min 
40 mm (1.6 in) preferred 


■ 25 mm (1 in) min 
35 mm (i.4 in) pnftrred 



25 mm (1 in) min 



Rotary Controls 


Thumb wheol 


5 mm (0.2 in) min 
10 mm (0.4 in) preferred 


'15 mm (0.8 in) min 
30 mm (1.2 in) preferred 



• 20 mm (0,8 in) max 


<o> 


20 mm (0.8 in) min 


© 


19 mm (0.75 in) mm 


1 





Barrier Guards 


Pushbuttons (Non-Keyboard Applications] 


5 mm (0.2 m) mm 


10 mm (0.4 in) preferred 

i 

r, _ — j 



1 

> 



h*- 10 mm (0.4 in) min 


25 mm (1 in) preferred 


r 


— °-5 mm (0.2 in) min 

10 mm (0.4 in) preferred 


M 

B 

Lrr: - 

<s 

► 

1 

j 

[0.6 in) min 



15 mm I 


25 mm (1 in) preferred 


Spacing Required Between Switch Controls 

Referenco: 1, page 4.9 -S 

Qfih Updstss 

Note. See Figure 3.13.4.L2-1 for Keyboard Layout DLsiniJons 

Figure B.2.3.2.1-1 Control Spacing Requirements For Ungloved Operation 
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9.2.3. 2.S Control/Display Giouping Design Requirements 

Requirements for grouping controls and displays are listed below. 

a. Functional Grouping - Displays and/or controls thai are functionally related shall be located 
in proximity to one another arranged in functional groups (c.g., power, status, test). 

b. Sequential Grouping - When a unique sequence of control actions exists, the controls and/or 
displays shall be arranged in relation to one another according to their sequence of use. Within 
a functional group, the sequence shall be from left to right or top to bottom whenever feasible. 

c. Logical Flow Grouping - When there is not a unique sequence or functional grouping of control 
actions, controls and displays shall be arranged in a manner consistent with their logical flow. 

If controls are not to be utilized in any specific sequence, then consider arranging them by 
importance with the most important or frequently used control in the most aoc^slble position. 

d. Functional Group Markings - If several functional groupings of displays and controls are placed 
in close proximity on a control panel, an effective means of discriminating between them shall 
be provided (eg,, color coding or outlining). 

e. Left-to-Righr Arrangement - If controls must be arranged in fewer rows than displays, controls 
affecting the top row of displays shall be positioned at the far left; controls affecting the second 
row of displays shall be placed imm ediately to the tight of these, etc 

f. Vertical and Horizontal Arrays - If a horizontal row of displays must be associated with a 
vertical column of controls or vice versa, the farthest left item in the horizontal array shall 
correspond to the top Item in the vertical array, etc However, this type of arrangement shall 
be avoided whenever possible 

g. Multiple Displays - When the mani pulation of one control reo'iires the reading of several 
displays, the control shall be placed as near as possible to the related displays, but not so as to 
obscure displays when mani p ulating the control 

h. Separate Panels - When functionally related controls and displays must be located on separate 
panels and both panels are mounted at approximately the same angle relative to the operator, 
the control positions on one panel shall correspond to the associated display positions on the 
other pan e l. The two panels shall not be mounted facing each other. Controls and displays on 
separate panels are discouraged. 

9.2.3. 2.4 Preferred Control/DispL.^ Lo~ „^on Design Requirements 

Design requirements for the placement of displays and controls are provided below. 

a. Display Location - The most important and frequently used displays shall be located in a 
privileged position in the optimum visual zone, providing that the integrity of grouping by 
function and sequence is not compromised. See Figure 9 .2 .4 .2. 2-2 for a d efini tion of this zone. 
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b. Control Location - The most important and frequently used controls shall have the most 
favorable position with respect to ease of teaching and grasping (particularly rotary controls 
and those requiring fine settings), providing that the Integrity of grouping by function and 
sequence is not compromised 

c. Mulri-G Control Placement -Spedal attention shall be paid to the placement of controls which 
must be used while the crewmember Is subject to either prolonged or transitory acceleration 
forees above 2-G. 

1. in general, these controls shall be located so that the operator's limb is always In contact 
with the control (Le., no reaching is required). 

2. The requirements for movement from one control to another shall be minimized (e.g., 
use combined controls with several functions mounted on a single shaft). 

3. Rotary controls shall be selected in preference to linear controls whenever possible, 

4. When linear controls are necessary, they shall be mounted so that the direction of 
operation is perpendicular to the direction of G- forces. 

5. Guidelines to accommodate decondirioned crewmembers are found in section 4.10. 

d. Control/Display Relationships: 

1. The relationships of a control to its associated display and the display to the control shall 
be immediately apparent and unambiguous to the operator. 

2. Controls shall be located adjacent to their associated displays and positioned so that 
neither the control nor the hand normally used for setting the control will obscure the display. 

9.2,3. Z.Z Consistent Control/Display Placement Design Requirements 

Requirements for main t aining consistency in control and display deign are provided below. 

a. S imilari ty - The arrangement of functionally similar or identical displays and controls shall 
be consistent from panel to panel throughout and between systems, equipment, units, and 
vehicles. 

b. Mirror Images - Mirror image arrangements shall not be used for asymetrical display and 
control Layouts. 

9. 2.3. 2. 6 Maintenance Controls/Displays Design Requirements - N/A 

9. 2. 3. 2- 7 Emergency Control/Dispuay Placement Design Requirements 

Requirpmrnts for emergency displays and controls are provided below. 

a. Emergency Control/Display Placement - Emergency displays and controls shall be located 
where they mu be seen and reached with minimum delay. 
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b. Computer-Generated Emergency Displays • Emergency information depicted on existing 
computer-controlled displays shall be sufficiently conspicuous to attract the user's attention 
consistently. 

9.2.3. 2.8 Control/Display Movement Compatibility Design Requirements 

Requirements for controVdisplay movement compatibility are provided below. 

a. Consistency of Movement - Controls shall be selected so that the direction of movements of 
the control will be consistent with die related movement of an associated display, equipment 
component, or vehicle, 

b. Complex Movement Control - When the vehicle, equipment, or components are capable of 
motion in more than two dimensions, exception to 9JL3J2.8 a shall be made to: 

1. Maintain consistency with other systems. 

2. Maintain a natural association between control and system movements. For example, 
for -.yard motion of a directional control causes some vehicles to dive or otherwise descend 
rather than to-simply move forward. 

c Conflict Avoidance - When several controls are combined in one control activity, caution shall 
be exercised to avoid a situation in which similar movement of different controls results in 
different systems responses (e.g., control motion to the right is compatible with clockwise roll, 
right turn, and direct movement to the right). 

d. Remote Controls - Where controls are operated at a position remote from the equipment or 
controlled vehicle, they shall be arranged to facilitate consistency of movement 

e. Movement Direction - When a rotary control and linear display are in the same plane, the 
part of the control adjacent to the display shall move in the same direction as the moving part 
of the display. 

f. Labeling - When control/display relationships specified herein cannot be adhered to, controls 
shall be dearly labeled to indicate the direction of control movement required. 

g. Time Lag - The time lag between die response of a system to a control inpu' and die display 
presentation of the response shall be minimized, consistent with safe e * efficient system 
operation. Where such time delay exceeds acceptable limits, the action of > tie control shall be 
appropriately modified (by force feedback or other means) to avoid overcontroL Simple requests 
for data shdl be carded out more rapidly than .5 to 1.0 sec, while changes of entire data pages 
may be executed in up to 10 sec, depending on the user's expectations and the cridcality of the 
information. If processing requirements result in longer delays, then the system shall acknow- 
ledge a control input immediately and provide periodic updates showing the progress of the 
processing. 
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5. 2. 3. 2. 9 Contrcl/Display Movement Ratio Design Requirements 

Requirements for designing the relative movement ratios between controls and displays are 
provided below. 

a. Adjustment Time - Control/display ratios for continuous adjustment controls shall minimize 
the total time required to make the desired control movement (Le., slewing time plus fine 
adjusting time) consistent with display size, tolerance requirements, viewing distance, and time 
delays. 

b. Range of Display Movement: 

1. When a wide range of display element movement is required, small movement of the 
control shall yield a large movement of the display element. 

2. When a small range of display movement is required, a large movement of the control 
shall result in a small movement of the display, consistent with accuracy requirements. 

c. Coarse/Fine Knob Setting * A rotary knob used for coarse control shall move an associated 
display element (linear scale) 3-6 times the distance of a fine control knob per revolution of the 
knob. 

d. Bracketing - When bracketing is used to locate a maximum or minimum value (e.g., as in 
tuning a transmitter), the control knob shall swing through an arc of not less than IQ degrees 
nor more than 30 degress either side of the target value in order to make the peak or dip 
associated with that value clearly noticeable. 

e. Counter - When counters are provided, the control/dispLay redo shall x such that one 
revolution of the knob produces approximately 50 counts. 

9.2.3.2.10 Control/D hrplav Complexity end Precision Design Requirements 

Requirements governing control and display complexity are presented below: 

a. Controls/Displays and System Compatibility - The complexity and precision of the control 
and display system shall be consistent with the precision required by the overall system. 

b. Information Processing Ability - Displayed information shall not erred the user's perception 
or information processing ability (e.g., displays which are too complex or too briefly presented 
to be understood.) Display information shall consist of only information that is pe hen: to the 
operator’s task at hand. Where it is necessary to have a complex display, means shall be explored 
to simplify it: by providing an option to ehoa ' more or less detail, an option to display data 
in either an alphanumeric or graphic format , 3r by organizing the information in spaticaliy 
isolated, highlighted, or 'boxed -around" groups. 

c. Motor Ability - The required operation of controls shall not exceed the user’s manipulative 
ability under the dynamic condition and environment in which human performance is expected 
to occur (e.g., manual dexterity, coordination, force and torque generation, and reaction time 
shall not be exceeded). 
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9.2.4 Humaa/Workstation Configuraficm 

9.2.4. 1 Humaa/Wcskstation Conflguradoa Dcaiga Considerations - N/A 

9. 2.4. 2 Humea/Workstation Configuration Design Requirements 

9.2.4.2.1 Workstation Anthropometric Design Requirements 

Workstations/Display and Control Panels shall be designed to accommodate die SSF crew. 

a. G-level- The physical dimensions and layout of workstation* display and control panels shall 
conform to user characteristics for the particular G-level under which they are to be used (e.g,, 
neutral body posture vs. 1-G posture). 

b. Movement - Workstations/display and control panels shall be laid out in such a way that 
operator body motion required for workstation/display and control panels functions shall be 
minimized to the extent possible. Priority shall be given to the most frequently or time oitical 
functions. Micro-g countermeasure features shall be incorporated into the design to the extent 
possible. 

c. Musculoskeletal Tension - Workstation/display and control panels design shall minimize die 
musculoskeletal tension required to maintain position/posture required for wo rkstatio n/display 
and control panels operation 

d. DecondMoned State - Wotkstation/display and control panels design shall consider special 
crewmember orientation requirements due to the deconditioned state of the crewmembers as 
defined in section 4.10. 

9. 2. 4. 2. 2 Visual Space Design Requirements 

Good workstation/display and control panels design shall accommodate the visual abilities of 
users. Requirements and specifications regarding a crewmember's visual space are provided below: 

a. Viewing Distance: 

1. Minimum - The effective viewing distance to displays, with the exception of visual display 
terminal (VDT) displays and collimated displays, shall not be less than 330 mm (13 in) and 
preferably not less khan 510 mm (20 in.). 

When using a VDT, a minimum viewing distance of 410 mm (16 in.) shall be provided. The 
recommended distance depends on the detail and resolution of the display, but would 
generally be greater than 41 <. nm (16 in.). When periods of scope observation will be short, 
or when dim signals must be detected, die viewing distance maybe reduced to 250 mm (10 
in.). 
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2. MPTim -m • The miurimum viewing distance to displays located dose to thsar assodated 
controls is limited by reach distance and shall not exceed 710 mm (28 in.). Far other 
displays, there is no maximum limit, other than that Imposed by space limitations and visual 
requirements, provided the display is properly designed. 

b. line of Sight • A crewmember’s line of sight depends on body position and varies as a function 
of gravity level as shown In Figure 92.422-1. 

c. . "eld of View - The field of view for a particular observer position is determined by eye and 
head movements, 

1. The eye movement component for microgravity and 1-G is phown in Figure 9.2.4.22-2, 
(Note that the field of view is measured with respect to t^e vertical references shown in 
Figure 92.422-1.) 

Z The head movement component far 1-G is shown in Figure 92.422-2. Micro gravity 
head movement data are not yet available and probably differs from 1-G. 

3. Guideline to accommodate decondidcned crewmembers are found in section 4.10. 

d. Visual Distractions • Workstations /display and control panels shall be designed so that stimuli 
distracting to the operator are minimized. 



Rrfiranca: hpc$3<L2-2 

Figure 3.2.42.2-1 Uno-of-Slght for One-G and dlcro gravity 
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9.3 CONTROLS 

9.3.1 Introduction - N/A 

9.3.2 Controls Design Considerations - N/A 

9.3.3 Control Design Requirements 

9.3.3. 1 General Requirements 

General requirements for the design of controls are provided below. 


a. Standardization - Controls shall x standardized to the maximum extent practical. Specific \ 

aspects to be standardized include, but are not limited to, the following areas: •* 

! 

k 

1. Control operation. f 

t 

2. Control mounting and guarding. \ 

f 

fc 

3. Control orientation. } 

4. Control size and rcl-jr. i 


5. Nouscandardization of control design shall be employed only if meaningful (e.g., red 

indicates an emergency control) . ! ( 

< 

b . Multi-g Controls - Controls to be used under prolonged or transitory acceleration forces above J 

2 g’z shall be designed to accommodate the crewmember's altered physical abilities. 

c Micro gravity Controls - Crew restraints shall be provided for use at all micro gr av ity worksta- ! 

tions 

d. Detent Controls - Detent controls shall be selected over continuous controls whenever the 
operational mode require* control operation in discrete steps. 

e. Stops . .ops shall be provided at the beginning and end of the range of control positions if 
the control is not required to be operated beyond the indicated end positions or specified limits. 

f. Load Limit - Controls shall withstand the crew-imposed Limit loads given in Figure 9.3.3. 1-1 
bl a minimum. 


g. Blind Operation - Where “blind" operation (Lu, actuation without visual observation) is 
necessary, the controls shall be shape coded or separated from adjacent controls by at least 13 
cm (5 in.) 


* 

i 
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Figure 9 . 3 . 3 . 1-1 Maximum Crew Induced Design 
Limit Loads C Controls ) 


h. High-Force Controls - In general, controls requiring operator forces exceeding the strength 
limits of the lowest segment of the expected user population shall not be used. High-force 
controls shall only be used when the operator’s no minal working position and/or rest raint system 
provides proper support. 

L Miniature Controls - Miniature controls (e.g. DC swithces) shall not be used in die design of 
controls used by the crewmember. 

9 . 3 . 3. 2 Accidental Actuation Design Requirements 

Requiremen t s for reducing accidental actuation of controls is presented below. 

a. Design and Location - Controls shall be designed and located so as to minimize susceptibility 
to being moved accidentally. Particular attention shall be given to critical controls whose 
inadvertent operation might cause damage to equipment, injury to perso nnel, or degradation 
of system functions. 

b. Protective Methods - Adequate protection shall be provided for controls that are susceptible 
to accidental actuation. Protective methods include, but are not limited to, those listed below. 

1. Locate and orient the controls so that the operator is not likely to strike or move rhppi 
accidentally in the normal sequence of control movements. 

2. Recess, shield, or otherwise surround the controls by physical barriers. The control shall 
be entirely contained within the envelope described by the recess or barrier. 

3. Cover or guard iie controls. Safety or lock wire shall not be used. 

4. If a cover <?uard is used, its location when open shall not interfere with the operation of 
the protected device or adjacent controls. 
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5. Provide the controls with interlocks so that extra movement (e.g., lifting switch out of a 
locked detent position) or the prior operation of a related or locking control is required 

6. Fro vide the controls with resistance (Le., viscous or coulomb friction, spring-loading, or 
inertia) so that definite or sustained effort is required for actuation. 

7. Provide the controls with a lock to prevent the control from passing through a position 
without delay when strict sequential actuation is necessary (Le,, the control moved only to 
the next position, then delayed). 

c. Noninterference - Protection devices shall not interfere with the normal operation of controls 
or the reading of associated displays. 

d. High -Traffic Areas - Critical controls «hall not be located in high-traffic paths or translation 
paths. If controls must be placed in these locations, means shall be used to prevent Inadvertent 
actuation (i.e., pull to unlatch toggle switches). 

e. Dead-Man Controls - Where appropriate, controls, which result in system shutdown to a 
noncritical operating state when force is removed, shall be utilized where operator incapacity 
can produce a critical system condition. 

f. Barrier Guards: 

1. Barrier guard spacing requirements for use with toggle switches, rotary switches, and 
thumbwheels is shown in Figure 9-2.3.2.1-1. 

2. Accidental actuation of controls can result when crewmember use barrier guards as 
handholds. Barrier guards shall be designed and located so as to minimize this problem. 

g. Rotary Switch Protection - Rotary switches that control critical experiment or vehicle 
functions shall be recessed or have barrier guards. Dimensions are shown in Figure 9 .3. 3.2-1. 
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Figure 9.3. 3. 2-1 Rotary Switch Guard 
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h. Deta chment - Covers and guards shall be designed to prevent accidental detachment during 
operational periods. 

L Position Indication - When protective covers are used, control position shall he evident 
without requiring cover removal. 

j. Hidden Controls • When hidden controls (Le,, controls that cannot be directly viewed) are 
required they shall be guarded to prevent inadvertent actuation. 

k. Hand Controllers - Hand controllers shall have a separate on/off control to prevent inadver- 
tent actuation when the controller is not in use. 

L Circuit Breaker Protecnon - When dre .fit breakers are ganged in a common array, a cover 
shall be used as an additional security measure to prevent inadvertent actuation or damage. 

P.3.3.3 Control Types Design Requirements 

9.3.3.3.1 Knob Design Requirements 

Requirements for the design of knobs are provided below. 

a. Discrete Rotary Selection Switches: 

1. General: 

a) ' Rotary selector switches shall be used when four or more detented positions are 
required for discrete functions. 

b) Rotary selector switches shall not be used for a two-position function unless ready 
visual identification of control position is of primary importance, and speed of control 
operation is not critical, or unless the use of other types of switches is not feasible. 

2. Displacement - Up to 12 switch positions may be provided. Standard distance between 
positions shall be 30 degrees. 

3. Knob dimensions - Pointer knobs of die type illustrated in Figure 9.33.2-1 are preferred 
for general use. Dimensions and alternate designs are, in order of preference, described 
within MIL-X-25049 and MH-H-8810 (most preferred), MIL-STD-1472, AFSC DH 2-2 and 
MIL- STD-1348. 

4. Separation and arrangement: 

a) Rotary selector switches shall be designed with a moving pointer and a fixed scale. 

b) The pointer knob shall be mounted sufficiently dose to its scale to minimize parallax 
error between the pointer and the scale markings. When viewed from the normal 
operator's position, the parallax error shall not exceed 25% of the distance between 
scale markings. 
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c) Switch design and scale placement shall be such that there is no reasonable possibility 
of confusing the pointer-end and nonpo Inter-cnd of a knob. 

5. Resistance • Switch resistance shall be elastic, building up, then decreasing as each 
position is approached, so that the control snaps into position without stopping between 
adjacent positions. The torque required to turn the switch from one detent position to 
another shall be no less than 9 N-cm (12 in. az) at breakout and no more than 70 N-cm (100 
in. oz) just prior to dropping into the next detent position. 

6. Direction of movement - The order of positions shall be such that clockwise movement 
indicate "on” ascending order, increased performance, etc. 

b. Continuous Rotary Control Knots: 

1. General: 

a) Continuous rotary control knobs (e.g., rheostats, potentiometers) shall be used for 
precise adjustment of system parameters. 

b) Continuous controls may be either single- turn or multiform 

2. Displacement - Single-turn controls shall have a preferred standard deflection of 240 
degrees, between limits located at the 8 o'clock and 4 o’clock positions. 

3. Resistance - The torque required to reposition the knob shaft sha'i be 6 to 25 N-em (8 to 
36 in. oz). 

9. S. 3.3. 2 Thumbwheel Control Design Requirements 

Design requirements for thumbwheel controls are provided below. 

a. Discrete Position Th umb wheels : 

1. Discrete position thumbwheels shall have 10 or fewer detent positions. The standard 
distance between positions shall be 36°. 

2. Maximum deflection shall be 360° or less if 10 or fewer positions are required. 

3. Each position around the circumference of a discrete thumbwheel shall have a slightly 
concave surface or shall be separated by a high-friction (e.g., knurled) area that is raised 
flom the periphery of the thumbwheel. 

4. Resistance shall be elastic, building up and then decreasing as each detent is approached 
so that the control snaps into position without stopping between adjacent detents. The 
resistance of discrete thumbwheel controls to movement shall be between 11 and 34 N-cm 
(16 to 48 in. 02 ), 

5. Movement of the thumbwheel forward, up, or to rhe right shall produce an increase in 
the setting value. 
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b. Continuous Types Thumbwheels: 

1. Continuous type th umb wheels shall have a standard deflection of 300° . 

2. Hard stops shall be provided to limit die maximum travel of continuous thumbwheels. 

3. Continuous thumbwheels shall employ high- fried on raised areas to facilitate movement. 

4. The resistance of continuous thumbwheel controls to movement shall be between 1 and 
4 N-cm (2 and 6 imoz.). 

5. Movement of the thumbwheel forward, up, or to the right shall produce an increase in 
the setting value. 

c. Coding: 

1. Thumbwheel controls shall be coded by location, labeling, or color (e,g., reversing the 
colors of the least significant digit wheel as on typical odometers). 

2. Where used as input devices, thumbwheel switch OFF or NORMAL positions shall be 
color coded to permit a visual ct :ck that the digits have been reset to these positions (if 
applicable). 

9 -3. 3. 3.3 Valve Control Design Requirements 

Requirements for the design of valve control are provided below. 

a Low-Torque Valves - Valves requiring 1 N-m (10 in-lb) or Iks for operation are classified as 
"low-torque" valves and shall be provided with a handle, 5.5 cm (2.25 in.) or 1 p« in diameter , 
(see "d" below). 

b. Intermediate-Torque Valves - Valves requiring between 1 and 2 N-m (10 and 20 in-lb) for 
operation are classified as "intermediate torque" valves and shall be provided with a "central 
pivot" type h a n dle 5.5 cm (2^5 in.) or greater in diameter, or a "level" (end pivot) type handle, 
7.5 cm (3 in.) or greater in length (the exact size shall be determined by the particular 
application). 

c. High-Torque Valves - Valves requiring 2 N-m (20 in-lb) or more for operation are classified 
as "high-torque" valves and shall be provided with handles greater than 7 £ cm (3 in.) in length. 

d. Handle Dimensions: 

1. Valve handles shall approximate the configuration illustrated in Figures 9.3.33.3-1 and 
9.33.3.3-2. 

2. Handles shall be contoured and finished so as to permit ease of operation. 

3. Circular handles, when used, shall have crowns or shall employ concave areas or convex 
projections along the periphery of the handle. 
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e. Direction of Operation - Rotary valve controls shall open the valve with a counterclockwise 
motion. 


9.3.3.S.4 Crank Design Requirements 

Requirements for the design of cranks are provided below. 

a. Dynamics: 

1. Where cranks are used for timing or other processes involving numerical selection, each 
rotation shall correspond to a multiple of 1, 10, 100, etc. 

2. The gear ratio and dynamic characteristics of such cranks shall allow precise placement 
of the follower (e.g., crosshairs) without overshooting or undershooting and successive 
corrective movements. 

b. Grip Handle - The crank grip handle shall be designed so that it turns freely around its shaft. 

c. Dimensions, Resistance, and Separation - Dimensions, resistance, and separation between 
adjacent swept circular areas of cranks shall conform to the criteria of Figure 9.3.3 .3.4-1. 
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d. Folding Handle • If a crank handle could become a hazard to persons passing by, or it is 
critical that the handle not be inadvertently displaced by being accidentally mumped, a folding 
handle type control shall be used. Such a control shall be designed so that the handle is firmly 
held in the extended position when in use and folded when not in use. 

9.3.3.5.5 Handwheel Design Requirements 

Requirements for the design of handwheels are provided below. 

a. Restraints - When designed for use in microgravity, adequate restraints shall be provided for 
the operator. 

b. Turning Aids - Knurling, indentation, high-friction covering, or a combination of these shall 
be built into the handwheel to facilitate operator grasp for applying marimum torque end to 
reduce the possibility of the wheel being jerked from the op m otor’s hands. 

c Spinner Handles • For applications where the wheel may be rotated rapidly through several 
revolutions, a spinner handle may be added. Such handles shall not be used, however, if die 
projecting handle is vulnerable to inadvertent displacement of a critical wheel matting or if it 
creates a safety hazard. 

9.3.5.3.6 Lever Design Requirements 

Requirements for the design of levers ere provided below. 

a. Coding - When several levers are grouped in proximity to each other, die lever handles shall 
be coded. 

b. length - The length of levers shall be determined by the mechanical advantage needed. 

9.3.3.5.7 Toggle Switch Design Requirements 

Requirements for the design of toggle switches are provided below. 

a. Dimensions - Dimensions for a standard toggle switch shall conform to the values presented 
in Figure 9.3.3 .3.7 L 

b. Indication of Actuation: 

1. An indication of control actuation shall be provided (e.g., snap feel, audible click, 
associated or integral light) . 

2. Switch design shall preclude stoppage between positions. 

3. Visual verification of switch position shall be obtainable at a glance from any viewing 
angle, 


9-18 



















NASA-STD-3000/VQLV1 


c. Operating Force: 

1. Operating force shall be in the range of 3 to 30 N (0.63 to 6.25 lbf). 

2. The selected force value shall be dependent upon the specific application (e.g., high-force 
switches are especially suited for applications where positive-feel is important). 

3. For lever-lock (pull-to-unlock) toggle switches, resistance of lift-to-unlock mechanisms 
shall not exceed 13 N (3 lbf). 

d. Orientation - The preferred direction of toggle switch operation shall be veidcaL Horizontal 
actuation of toggle switches shall be employed onM~~ -mpatibility with the controlled function 
or equipment location, 

e. Position Designation - Switch actuation shall control the system or subsystem functions as 
indicated in Figure 9.3.33.7-2. 

f. Off Position - Where a third position is added for off, the off mode shall be located in die 
center position, except where this would compromise equipment performance. In this case, off 
shall be in the bottom position. 

93.3.3.8 Pushbutton Design Requirements 

Requirements for the design of pushbutton controls are provided below. 

a. Activation: 

1. Latching Pushbutton (push-on, lock-on) - The button displacement Activation shall be 
indicated by a sudden drop in resistance and, if possible, an audible dick. 

2. Momentary Pushbutton (push-on, release-off) - Activation shall be Indicated by positive 
feedback 
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3. Alternate Actior. Pushbutton (push-on, push-off) • Activation shall be indicated b> a 
sudden drop in resistance, an auditory dick, and an assodated display action. 

4. Touch Sensitive (nomnechanical) - Activation shall be indicated by positive feedback. 

y . Resistance - The resistance of pushbuttons to movement shall be 2.78 to 23.63 N (10 to 
b5 o~). The nominal force-resistance value shall be determined by the particular application 
and the environment in which it is operated. 

a Dimension; 

1. The standard shape of pushbuttons shall be rectangular. 

2. Round pushbuttons shall tv ■ hen dictated by special functional or hardware 
considerations. 

3. When a pushbutton surt^ce L not conu.ve, the surface shall provide a high degree of 
frictional rsistance to prevent dippir^. 

4. The height and v.^th (or die meter, as uppJ' able) of pushbuttons shall be 2 cm (0.75 in.) 
minimum and 4 cm (1.50 in.) maximum. 

5. The ill umina ted area of pushbutton signal lights shall not be less than 3 cm 2 (0.40 in/) 
and not greater than 10 cm2 (1.5 in. 2 ). 

d. Displacement: 

1 . Momentary pushbuttons shall have a total displa cemen t of 0 .32 to 1.84 cm (0.125 to 
0.725 in.). 

2. Latching pushbu^.ons shall have a total displacement of 0.64 to 1.34 cm (0.250 to 0.725 
in.). 

3. Alternate action pushbuttons shall have a displacement of 0.32 to 1.34 cm (0.125 tc 
0.725 in,). 

4. Pre-travel shall be 032 tc 132 cm (0.125 to 0.6 in.). 

5. Over-travel shall be 0.32 cm (0.125 in.) maximum . 

9. 3.3.3. 9 Foot ^Operated Switch Design Requirements - N/A 

9.3.3.3.10 Pedal Design Requirements ° N/A 
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9»3.3.3,1< Socket Switch design Requirements 
Design requirement for rocker switches are provided below. 

a. Positive indication - An indication of control activation shall be provided (e.g., snap feel, 
audible click, associated or integral light). 

b. D imensi ons, Resistance, Displacement, »nd Sepai>.‘ion - Dimensions, resistance, displace- 
ment, and separation between centers of rocker switches shall conform to the criteria in Figure 
9.3.3. 3.1 1-1. Resistance shall gradually increase, then drop when the switch snaps into position. 
The switch shall not be capable of being stopped between positions. 

c. Orientation: 

1. Where practicable, raker switches shall be vertically oriented. 

2. Activation of the upper win® of a rocker switch shall turn the equipment or component 
on, cause the qu antic ■ <o increase, or cause the equipment or component to move forward, 
clockwise, to the right, or up. 

3. Horizontal orientation of rocker switches shall be employed only for compatibility with 
the controlled function or equipment location. 
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9.3.3.3.12 Pusb-Pull Control Design Requirements 

Design requirements for push-pull controls are provided below. 

a. Handle Dimensions, Displacement, and Clearances - Handle dimensions, displacement, and 
clearances for push-pull control handles shall conform to criteria in Figure 9333.12-1. 

b. Rotation: 

1. Except for combination push-pull/rotate switch configurations, push-pull control handles 
shall be keyed to a nonrotating shaft. 

2. When tha control system provides a combination push-pull/rocate functional operation 
using a : , ’ id style knob, the rim of the knob shall be serrated to denote (visually and 
tactually, mat the knob can be rotated, and to facilitate a slip-free finger grip. 
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c. Detents - Mechanical detents shall be Incorporated into push-pull controls to provide tactile 
indication of positions. 

d. Action of push-pull controls shall be: 

1. Pull towards the operator for ON or activation; push away for OFF or deactivation. 

2. Clockwise for activation or increasing function of combination pull/rotary switches. 

e. Resistance - Fares for pulling a panel control with fingers shall be not more than 18 N (4 lb), 
for p ulling a T-bar with four fingers shall be not more than 45 N (10 lb). 

9.3,3.3.13 Circuit Breaker Design Requirements 

Design requirements for circuit breakers are provided below. 

a. General: 

1. Circuit breakers shall be used for functions that require automatic protection against 
excessive electrical currents. 

2. Circuit breakers shall be resettable. 

3. Except for special cases, circuit breakers shall be of the plunger type (pull-to-release, 
push-to-reset). 

4. All tripped conditions shall be visually indicated. 

b. Dimensions - Preferred dimensions for handles of plunger and switch type circuit breakers 
are illustrated in Figure 9.3 .3.3. 13-1. 

c Separation and Arrangement - An edge-to-edge distance of 2.5 cm (1.0 in.) nominal, 1 cm 
(0.5 in.) minimum, shall exist between circuit breakers grouped in horizontal rows, which is die 
preferred arrangement The distance between rows shall be a minimum of 2.5 cm (1.0 in.). 

d. Displacement 

1. The tripped condition of the plunger-type circuit breaker shall be indicated by a white or 
silver band. When die circuit breaker is dosed the band shall not be visible (see Figure 
9.3.3.3.13-1). 

2. The 'off or tripped condition of the switch type circuit breaker shall be indicated when 
the handle is in the "down" position (see Figure 9 .3.3.3.13-1). 

e. Resistance - The force required to reset a plunger-type circuit breaker shall not exceed 53 N 
(12 lb). The force required to manually trip a plunger type circuit breaker shall not exceed 35 
N (8 lb). 
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9*3,3.3.14 Slide Switch Control Design Requirements 

Design requirements for slide switch controls are provided below. 

a. Dimensions, Resistance, and Separation; 

1. Dimensions, resistance, and separation of slide switch handles shall conform to criteria 
in figure 9.3.3 .3.14-1. 

2. Detents shall be provided for discrete control settings. Resistance shall gradually 
increase, then drop when the switch snaps into position. 

3. The discrete control slide switch shall not be capable of stopping between positions, 

b. Orientation • Where practical, slide switches shall be vertically oriented. Horizontal orien- 
tation or actuation of slide switches shall be employed only when necessary for compatibility 
with a controlled function or equipment location. 

c. Positive Indication - Slide-switch controls that are analog or Involve more than two discrete 
positions shall be designed to provide positive indication of control setting, preferably a point er 
located on the left side of the slide handle. 
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Resistance 


N 

Actuator height 

w 

Actuator width 

Sma'I 

twitch 

Large 

twitch 

Minimum 

6 mm (1/4 mj 

6 mm (1/8 in) 

2.8 N (10 oz) 

2.8 N (10 oz 1 

Maximum 


25 mm (1 in) 

4 5 N (IS Oij 

1 1 N (40 oz! 


Separation, S 


Single finger 
operation 


Single finger 
sequential operation 


Simultaneous operation 
by different fingers 


Minimum 

Optimum 


19 mm (3/4 m) 
50 mm (2 n) 


13 mm (1/2 m) 
25 mm ( 1 in) 


16 mm (5/8 in) 

19 mm (3/4 in) 


Reference 2, page 98 


Figure 9.3.3.3.14-1 Slide Switches 


d. Switch Action - Moving the slide up or away from the operator shall result in turning the 
equipment or component on, causing a quantity to increase, or causing the equipment or 
component to move forward, clockwise, to the right, or up. 

9.3.3.3.15 Legend Switch Design Requirements 

Design requirements for legend switches are provided below. 

a. Dimensions, Resistance, Displacement, and Separation - Dimensions, resistance, displace- 
ment, and separation between adjacent edges of legend switches s h a l l conform to the criteria 
in Figure 9.3.3.3.15-1. 

b. Barrier Height - Barrier height from panel surface shall conform to the criteria in Figure 
9,33.3.15-1. Unless otherwise specified, barriers are required on critical switches and on 
switches likely to be inadvertently actuated. Barriers, when used, shall not obscure visual access 
to controls, labels or displays. 
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l&1 


s v s 2 

Size 


A 

Displacement 


3 mm“ 
(1/8 m) 

6 mm 

(1/4 in) 


N 0teS ; Reference; 2, page 84 nth Updatai 

* 15 mm (5/8 ;r>) where switch is not depressed below The panel 
'* 5 mm (3/16 in) for positive position switches 
* * * 5.6 N (20 02 ) tor use in mowing vehicles 


Barriers 


lith Updates 


5 mm 
{3/18 in) 

6 mm 

(1/4 in) 


Resistance 


(10 oz) 


Figure 9.3. 3. 3. 15 - 1 Legend Switches 


c. Other Requirements: 

1. For positive indication of switch activation, the legend switch shall be provided with a 
detent or dick. When touch sensitive switches are used, a positive indication of activation 
shall be provided, (e.g., an integral light within or above the switch being activated). 

2. The legend shall be lpgihle with or without internal illumination. 

3. A lamp test or dual iamp/filament reliability shall be provided for switches if the mean 
time between failure (MTBF) is less than 100,000 hours, 

4. i -am ps within the legend switch shall be replaceable from the front of the panel by hand 
and the legends or covers shall be keyed to prevent the possibility of interchanging die legend 
covers. The pushbuttons shall not be susceptible to inadvertent activation during this lamp 
removal or replacement process. 

5. There shall be a mad mum of three lines of lettering on the legend plate. 
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9.3.3.3.16 Printed Circuit (DIP) Switches Design Requirements - N/A 

9.3.3.3.17 Key-Operated Switch Design Requirements ■ N/A 
9.3 .3.4 Computer Input Devices 

9.5.5.4.1 Keyboard Design Requirements 

Requirements for keyboard design are provided below. 

9.3.3.4.1.1 Layout 

a. Alphanumeric - The basic alphanumeric character arrangement for standard keyboards shall 
conform to USA Standard Typewriter Pairing of die American Standard Code for Information 
Interchange (ASCII). See Figure 93.3.4.1.1-1. 

b. RESERVED 

c. Number keypad - When appropriate, a number keypad shall be added to die keyboard. This 
shall be to die righthand side of the main keyboard, if workstation layout permits. The 
arrangement of the numeric keypad shall conform to Figure 9.33.4.1. 1-2. 

d. Function keys - The use of function keys will depend on the specific system that the keyboard 
is a part of. 
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Figure 9.3.2.4.1.1-1 Keyboard Layout 
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1. Keying Process - Function keys shall be used to make the keying process faster and to 
minimize keying errors where fast response is required (e.g., contingencies). 

2. Location of Function Keys - Certain functions that occur most frequently or that tend to 
occur together should be placed in die same area. 

3. Function Key Types 

(a) Fixed Function Keys - Fixed function keys shall be provided for those functions that 
are widely and frequently used Examples of commonly used fixed function keys are 
RESET, BREAK, TRANSMIT, CONTROL and a means of cursor controL 

(b) Cursor Movement Keys - Cursor movement keys shall be arranged in a spatial 
configuration reflecting the direction of actual cursor movement see Figure 9.3. 3.4.1. 1- 
3). 

(c) Variable Function Keys - Variable function keys (user programmable) shall be 
provided whenever it is thought that the system will at present or in the future require 
the flexibility of these keys. 

4. Minimization of Errors - The keyboard layout shall minimiz e the effec of likely errors, 
especially those that are criticaL For instance, the delete key shall never te located next to 
the send key or other frequently used keys. 




Reference: 279, page 8-1 


Figure SJJ.41I-3 Cursor Uoveient Keys 
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5. Non-ASCn Key Locations - The locations of keys which are cot defined by die ASCQ USA 
Standard Typewriter Pairing shall be located using die following guidelines. 

(a) Frequently Used Keys • Frequently used keys shall be placed in the locations In 
which they are most convenient to use. 

(b) Potentially destructive Keys -Keys with potentially destructive consequences shall 
be physically protected. 

(c) Grouping • If possible, keys shall be grouped In some logical pattern (e.g., purpose, 
frequency of use, and type of response) and the user informed of this grouping. 

9.3. 3,4.1. 2 General 

a. Keyboard Design Commonality * There shall be a single design for keyboards, particularly in 
relation to the location of keys, and it shall be used throughout the ACRV. 

b. Control Switches - All commonly used controls associated with keyboard functioning (e.g., 
on/off) shall be readily accessible to die user. Both the control and its inhaling shall be visible 
to the user. 

c. Key Markings - The key labels shall be placed on the keys in such a way as to be resistant to 
wear and abrasion. If the label cannot be placed on die key, it shall be placed above it. 

d. Finger Placement Aids - The *F" and \T keys on standard keyboards and the "5* on n umb er 
keyboards shall be distinguishable to the touch to facilitate die correct placement of the fingers 
for touch typists. 

e. Keyboard Placement - The keyboard placement shall be compatible with the neutral body 
posture and the restraint system being employed. 

f. Operating Force - The preferred operating force of a terminal keyboard shall be 0.5N (1.75 
oz). 

g. Key Displacement - The recommended key displacement for activation is approximately 02 
cm (0.08 in.) with bottoming out occurring at about 0.4 cm (0.16 in.). 

h. Feedback 

1. Hie screen shall provide visual feedback cadi time a key is activated. 

2. Auditory feedback indicating key activation shall be provided. User shall have the option 
of deactivating this feedback. 

3. Kinesthetic feedback in the form of a distinct 'bottoming out* shall be present when keys 
are maximally depressed. 

i. Keyboard Interlock - Keyboard interlock shall exist to prevent the outputs from two or 
more simultaneously depressed keys from either jamming the print mechanism or outputting 
an invalid keycode. 
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J. Size and Shape of Keys - The shape of keys shall: 

1. Aid die accurate location of the user’s fingers. 

2. Minimize reflections. 

3. Provide a suitable surface for the key legends. 

4. Be neither sharp nor uncomfortable to press. 

5. Have a dished profile curvature for improved keyboarding accuracy. 

k. Key Legend - The key legends shall be explicit and easy to understand. Alphanumeric legends 
shall not be smaller than 0 3 cm (0.12 in.). 

L Color and Reflection of Keys 

2. The surface of keys shall have a matte finish to reduce glare. 

3. For standard keys, the primary color shall be neutral (e.g., beige or gray) rather than a 
color that has a high reflectance like white. 

m. Function Key Labels - Function keys shall be labeled with standard function symbols, the 
function title, function title abbreviations, or function codes, in that order of preference. 

n. Key Repeat - Alphanumeric and symbol character keys should automatically repeat when 
held down. The repeat should have a user selectable d p lay with a default of 0,5 second and a 
user selectable repeat rate with e default of 0.1 second. The physical release of the key should 
terminate the repeat 

o. Key Sparing - The spacing of keys shall be as indicated in Figure 9.3.3.4.1.2-1. 

p. Noise Level - Both keyboard and te rminal shall operate quietly enough so that nearby 
crewmembers are not bothered by their operation. 

9.3 .3 4,2 Joysticks Design Requirements 

Design Requirements for isotonic and isometric joysticks are provided below. 

a. Isotonic Joystick 

1. Movement shall be smooth in all directions, and rapid positioning of a follower on a 
display shall be attainable without noticeable backlash, cross coupling, or the need for 
multiple corrective movements. 

2. Control ratios, frictions, and inertia shall meet the dual requirements of rapid gross 
positioning and precise fine positioning. 
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Dimenaona 


Reewtanee 


Bare-tianded Numeric 


Mui cm urn 

10mm(0.3&5 in.; 

Maximum 

19 mm (0.7S tru) 

Prtfftmd 

13 mm (0.5 in.) 


Diopiacemant 


Numeric 


AJphe-numenc 


250 mN (0.9 02 ) 
1J5 N (SJS 02 ) 


Dual function 


250 mN {0.9 02 ) 
UN (5.3 02) 


Aipna-numenc 


Min^num 

0.8 mm (C.03 in.) 

1.3 mm (0.05 in.) 

Maximum 

Preferred 

4.8 mm (0.19 m.) 

6.3 mm (025 in.) 


Sapsntcn 


Due) function (between edjeawn key tops) 


8.4 mm (0.25 in.) 

6.4 mm (025 in.) 


Reference: 2, Page 81 
Note: See Figure 9.2.3. 2.1-1 For Non-Keyboard Pushbutton Layout Dimensions 

Figure 9.3.3.4.1.2-1 Keyboard 
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3. The delay between control movement and the confirming display response shall not 
exceed 0.1 second. 

4. Dimensions, resistance, and clearance shall confo r m n criteria in Figure 9.3.3.42-1. 

5. Toe Joystick shall be placed so as not to interfere with other controls. 

6. Joystick placement shall allow effective operation when the operator Is using the restraint 
system provided and maintaining an optimum viewing position with respect to the VDT. 

b. Isometric Joystick 

1. The output shall be proportional to the magnitude of the applied force as perceived by 
the operator. 

2. The isometric joystick shall deflect minimally in response to applied force, but may deflect 
perceptibly against a stop at full applied force, 

3. Isometric joysticks shall be used only when the primary feedback is not kinesthetic, but 
of some other form (e.g. ; visual). 




Dimeniiom 

Reiittimae 

Dojrticemem 

Clerance 


Difl, 0 

Length, L 


A 

Display £ to 
stick £, S 

Around 
rtick, C 

Stic k to ihtif 
front, F 

Minimum | 

6.5 mm 
(0.25 in) 

75 mm 

(3 ini 

3.3 N 
(12 oi) 


0 


120 mm 
(4.76 in) 

Maximum 

16 mm 
(0.62 in) 

1 50 mm 

(6 m) 

8.9 N | 

(32 oz) | 

45 deg 

400 mm 

(15./5 m) 

$ 

250 mm 
1938 in) 


» Maximum ruck excuriton plu» 100 mm (4 m) _< 

Reference' 279. page 8-5 llth Updates S „ 


'J3 %t 

>X 


Figure 9. 3.3. 4. 2-1 Isotonic Joystick 
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9. 3. 3.4. 3 Light Pen Design Requirements - S/A 
9 3. 3. 4. 4 Mouse Design Requirements • S/A 

9 .3 .3. 4. 5 Track Ball (Rolling Ball) Design Requirements 

Design requirements for a track ball control device are provided below. 

a. Zero-Order Control * A track ball shall be used for zero order control (Le., a given movement 
of the bull yioduces a proportional movement of the follower on die display) or rate control 
(Le., cursor movement is proportional to rate of ball movement), se lect a b le by the user. 

b. Follower Recapture • The controller shall not drive the follower off the edge of die display. 

c. Location - Track ball placement shall allow efficient use of the device by crewmembers using 
workstation restraints and maintaining optimum view of associated VDT. 

d. Dimensions, Resistance, and Clearance - Track ball dimensions, resistance, and clearance 
shall conform to the criteria in Figure 9.3.3.4.5-1. 

e. Ball Diameter - The smaller diameter ball controls (Figure 93.3.4.5-1) shall be used only 
where space availability is very limited and when there is no need for precision. 

f. Track Ball/Keyboard Integration - The system shall be designed so that the user does not 
have to alternate frequently between the track ball and the keyboard. 




Dtmennons 

Rciisunw 

Clivtnct 

Diameter, 

0 

Surface exposure, 
A 

Precision 

required 

Vibration 
or ace&l 
conditions 

• 

Around bell, 
C 

Ball to 
shelf front. 
F 

Minimum 

50 mm 

12 ml 

100 deg 



0 

50 mm 

(2 ml 

120 mm 
(4.75 ml 

Maximum 

150 mm 

!6 ml 

HO d«q 

1.0 N 
13.6 01) 

1.7 N 
16 oil 

1 

320 mm 
(12.62 ml 


250 mm 

(9.75 ml 

Preferred 

1 00 mm 

(4 m) 

120 deq 

0J N 
(1.1 oil 

• Literal distance from display centerline to tui! centerline 


Reference 279. Page 8*8 


Figure 9. 3. 3. 4. 5-1 Trackball Design 
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9.3.3. 5 Speech Transmission Equipment Design Requirements 

Requirements for the design of speech transmission equipment are provided below. 

a. Frequency - Microphones and associated system-input devices shall be designed to respond 
optimally to that part of the speech spectrum most essential to intelligibility (Le., 200 to 6,100 
Hz). Where system engineering necessitates speech-transmission bandwidths narrower than 
200 to 6,100 Hz, the minimum acceptable frequency range shall be 250 to 4,000 Hz. 

b. Dynamic Range - The dynamic range of a microphone used with a selected amplifier shall be 
great enough to admit variations in signal input of at least 50 dB. 

c. Noise-Cancelling I.Iicrophones - In very loud, low-frequency noise environments (ICO dB 
overall), noise-cancelling microphones shall be used and shall be capable of effecting an 
improvement of not less than 10 d£ peak speech to root-mean-square-noise ratio as compared 
with non-no is e-cancelling microphones of equfvaler lansmission characteristics. 

cL Pre-emphasis - If necessary, speech system input devices shall employ frequency pre-emphasis 
with a positive slope frequency characteristic no greater than 18 dB per octave from 140 to 1,500 
Hz and no greater than 9 dB per octave over the frequency range 1,500 to 4,800 Hz when no 
dipping is used. 

e. Peak-Clipping of Speech Signals - Where speech signals are to be transmitted over channels 
showing less than 15 dB peak speech to root-mean-square-noise ratios, peak-clipping of 12 to 
20 dB may be employed at system input and may be preceded by frequency pre-emphasis as 
specified in "d" above. 


f. Noise Shields - When the talker is in an intense noise field, the microphone shall be put in a 
noise shield. Noise shields shall be designed to meet the following requirements. 

1. A volume of at least 250 cm 3 (15.25 in 3 ) to permit a pressure gradient microphone to 
function normally. 

2. A good seal against the face with the pressure of die hand or die tension of straps. 

3. A hole or combination of holes covering a total area of 65 mm 2 (J.l in 2 ) in the shield to 
prevent pressure buildup. 

4. Prevention of a standing wave pattern by shape, or by use of sound- 'sorbing material. 

5. No impediment to voice effort, mouth or jaw movement, or breathing. 

g. Speaker/Side Tone - The speaker's verbal input shall be in phase with its reproduction as 
heard on the headset. This side tone shall not be filtered or modified before it is received in the 
headset 
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9.3.3. 6 Operating Controls for Voice Communication Equipment Design 
Requirements 

Requirements for the design of operating controls for voice communication equipment are 
provided below. 

a. Volume Controls: 

1. Accessible volume or gain controls shall be provided for each communication receiving 
channel (e.g., loudspeakers or headphones) with sufficient electrical power to drive sound 
pressure level to at least 110 dB overall wh»»n using two earphones. 

2. The sound pressure level (SPL) shall be maintained within f or ■ 3 d3 when atmospheric 
pressure changes are encountered within the ACRV. 

3. The minimum setting of the volume control snail be limited to an audible level, i.e., it 
shall not be possible to inadvertently disable the system with the volume control. 

4. Separation of power (on-off) and volume control adjustment functions into separate 
controls is preferred. However, should conditions justify their combination, a noticeable 
detent position shall be provided between the OFF position and the lower end of die 
continuous range of volume adjustment. When combined power and volume controls are 
used, the OFF position shall be labeled. 

b. Squelch ontrol - Where communication channels are to be continuously monitored, each 
channel shall be provided with a signal-activated switching device (squelch control) *0 suppress 
channel noise during no-signal periods. A manually operated, on-off switch, to deactivate the 
squelch when receiving weak signals, shall be provided. 

9.4 DISPLAYS 

9.4.1 Introduction - N/A 

9.4.2 Visual Displays 

9.4.2. 1 Introduction - N/A 

9.4.2 . 2 Visual Display Design Considerations • N/A 

9.4. 2 .3 Visual Display Design Requirements 

9. 4.2.3. 1 Display Readability Design Requirements 
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9.4.2.3.1.1 ni umlne dnn Design Requirements 

Workstation lighting requirements are provided below. 

a. Luminanoe Control; 

1. When a display will be used under varied ambient ill umina tion, a dimming control shall 
be provided. The range of the control shall permit the displays to be legible under all 
expected ambient ill umina tion levels. 

2. Dimming to full OFF shall require a positive indication. 

b. Dark Adaptation : 

1. Partial Dark Adaptation - When the degree of dark adaptation required is not maximum, 
low brightness white light (preferably integral), that is adjustable as appropriate, shall be 
used. 

2. Complete Dark Adaptation - When complete dark adaptation is required, low l uminan ce 
(0.07 - 03< cd/m 2 ) red light (greater than 620 nm) shall be provided for better visibility. 

c. Light Distribution: 

1. Where multiple displays are grouped together, lighting shall be balanced across the 
instrument panel such that the mean indicator luminances of any two instruments shall not 
differ by more than 33% across the range of full ON to full OFF. 

2. Light distribution shall be sufficiently uniform within an integrally illuminated instrument 
such that the ratio of standard deviation of indicator element luminances to mean indicator 
luminanoe shall not be more than 0.25, using eight or more equally spaced test measure- 
ments, 

d. False Indication or Obscuration - Provision shall be made to prevent direct or reflected light 
from making indicators appear illuminated v/hen they are not, or to appear extinguished when 
they are illuminated, 

9.4.2. 3. 1.2 Display Contrast Design Requirements 

Requirements hr contrast within an indicator are provided below. 

a. Indicator Contrast - The luminance contrast within the indicator shall be at least 50%. 
However, this 50% contrast requirement does not apply to special displays specifically designed 
for legibility in sunlight. 

b. Low Ambient Illumination - For low amb ient Illumination applications, contrast shall be at 
least 90%, with the background luminance less than die figure himfnance. 
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9.4. 2.3. 1.3 Reflections Design Requirements 

Design requi rements per taining to reflections ore provided below. 

a. Displays shall be constructed, arranged, and mounted to prevent reduction of information 
transfer due to the reflection of ambient illumination from the display cover. 

b. Reflections in viewing surfaces (e.g., view ports, windshields, etc.) shall be avoided. 

c. Anti-reflection techniques (such as shields and Alters) shall not be used If fluey noticeably 
degrade display quality. 

9.4. 2.3. 1.4 Vibration Design Requirements 

Display design shall be such that vibration of the display and/or the observer shall not degrade 
display readability below the level required for mission accomplishment. 

9.4.2.5.1.5 Display Size Design Requirements 

As a minimum, displays shall be of sufficient size to provide readily usable data to the user. 
This requirement shall hold for all reasonably anticipated locations of the user's relative to the 
display. 

9.4.2c3.2 Information Presentation Design Requirements 

Requirements for the presentation of information in visual displays are given below. 

a. Content - The information displayed to an operator shall be prioritized such that the 
information which is necessary to perform specific actions or to make decisions, is easiest to 
acquire. 

b. Equipment Response - Signal devices, including pushbutton signal Hg. >, shall display 
equipment response and not merely control position. 

c. Signal Absence: 

1. The absence or extinguishment of a signal or visual indication shall not be used to Indicate 
a "ready* or "in tolerance" condition, unless the status of the caution light filament and its 
associated circuitry can be easily tested by the operator and operator perception of such 
events is not time critical. Display devices shall have a positive indication of on or ready. 

2. The absence or extinguishment of a signal or visual indicator shall not be used to denote 
a condition; however, the absence of a signal or visual indication shall be acceptable to 
indicate a "powei off* condition for operational displays only - not for maintenance displays. 

d. Range and Accuracy -Display range and readout accuracy shall be consistent with the needs 
of the crewmembers to manage the spacecraft or equipment, but shall not exceed the accuracy 
of the input signal. 
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e. Duration -Non-dynamic signals and display information shall remain displayed until a direct 
user input ranreU them. Dy nami c signals and display information shall have durations of 
sufficient length to be reliably recognized under the highest expected operator workload and all 
anticipated operational environments. 

f. Timeliness Displays (such as CRTs, head-up displays, etc.) requiring refreshed information 
shall be updated in a synchronous manner, where possible, and be refreshed to the degree of 
tirr.plinp.w required by personnel in the normal operating or servicing mode. 

g. Display Failure Clarity: 

1. Displays shall be designed so that failure of die display or display circuitry shall be 
immediately apparent to the crew. 

2. Where "automatic switch-over” to redundant power or signal sources (due to failure) is 
implemented, the automatic switch-over shall be made immediately obvious to the crew. 

9.4.2.3.S Display Types 

a. System/equipment status • shall be inferred by die illumination of the indicator, not by the 
absence of illumination. 

b. Indicator Labeling - shall be provided, dose to the indicator, imparting the message intended 
by the light’s illumination. 

c Indicator Color - The color of the light shall be dearly identifiable and meets with established 
color standards. 

9.4.2.3.3d Maintenance Display Design Requirements 

Maintenance displays shall be located so they do not Interfere with normal flight displays. When 
possible, they shall not be visible when not in use. 

9. 4.2 .3. 3. 2 Lsurge Screen Display Design Requirements - N/A 

9.4.2.303.3 Legend Light Design Requirements 
Requirements for legend lights are provided below. 

a. Use - Legend lights shall be used in preference to simple indicator lights except where design 
constraints demand that simple indicators be used. 

b. ON/OFF Legibility - When net energized, legends shall be legible but shall not appear to be 
energized (e.g. due to direct sunlight). 

c. Information Presentation • A maximum of three lines of information shall be presented on 
the display face of a legend light. 
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d. Light/Switch Determination • It shall be easy to distinguish between Legend lights and legend 
/Witches throughout the ACRV. 

c. Status Indication - System/ equipment status shall be inferred by the Illumination of the 
indicator, not by the absence of Illuminati oil 

“V 2. 3,3.4 Scales and Pointers Design Requirements 
Requirements for the desig n of scales and pointers are provided below. 

a. Moving Pointer Circular Scales - Clockwise movement of a rotary control or movement of a 
linear control fonvurd, up, or to die right shall produce a clockwise movement of circular scale 
pointers and an i ncrea se in the magnitude of the setting. 

b. Moving Pointer Linear Scales - Clockwise movement of a rotary control or movement of a 
linear control forward, up, or to the right shall produce a movement up or to the right of the 
pointer of vertical and horizontal scales and an increase in the magnitude of the reading. 

c. Fixed Pointer Moving Scale - Displays with moving scales and fixed pointers or cursors shall 
be avoided* When circular fixed-pointer, moving-scale indicators are necessary, clockwise 
movement of a rotary control or movement of a linear control forward, up, or to the right shall 
normally produce a counterclockwise movement of the scale and an increase in the magnitude 
of the reading. 

d. Fixed Pointer Linear Scale - When use of vertical or horizontal fixed pointer, moving-scale 
indicators is necessary, clockwise movement of an associated rotary control or movement of a 
linear control forward, up, or to the right shall normally nroduce a movement of the scale down 
or to the left and an increase in the magnitude of the reading. 

e. Pointers: 

1. Lex^Ji - The control or display pointer shall extend to, but not overlap, the longest scale 
graduation marks. 

2. Tip configuration - The pointer tip shall be tapered at a 20° angle (40° included angle), 
terminating in a fiat tip equal in width to the minor scale graduations. 

3. Mounting The pointer shall be mounted as close as possible to the face of the dial to 
minimis mrallax (see Figure 9.4.T3.3.4-1). 

4 r A or - Pointer color from the tip to the center of the dial shall be die same as the color 
ox me marks. The tail of the [winter shall be the same color as the dial face unless the tail is 
used as an indicator itself or unless die pointer is used for horizontal alignment 

f. Pattern/Color Coding - When certain operating conditions always fall within a given range 
c a die scale, these areas shall be made readily identifiable by means of pattern or color coding 
applied to tb** race of the instrument 
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g. Orientation - Alp hanum eric; on stationary scales shall be oriented in the local vertical 
position. 

b. Zero Position and Direction of Movement - When positive and negative values are displayed 
around a zero or a null position, the zero or null point shall be located at either the 12 or 9 
o’clock position. The magnitude of positive values shall increase with clockwise movement of 
the pointer, and the magnitude of negative values shall increase with counterclockwise move- 
ment. When pointer movement is more than 360 , the zero or reference point shall be located 
at the 12 o’clock position. 

i. Scale Break - There shall be an obvious break of at least 10 degrees of arc between the two 
ends of the scale, except on multi-revolution instruments such as docks. 

j. Number of Pointers - Whenever precise readings are required, not more than two coaxial 
pointers shall be mounted on one Indicator face. 

k. Pointer Alignment - When a stable value exists for given operating conditions in a group of 
circular-scale indicators, the indicators shall be arranged either in rows so that all pointers line 
up horizontally on the 9 o'clock position under no rmal operating conditions or in col umns so 
that all pointers line up verically in the 12 o'clock position under normal operating conditions. 
If a matrix of indicators is needed, preference shall be given to the 9 o'clock p osition. 

L Relative Position of Scale Marks and Number - When r eading time and accuracy are critical, 
circular scale markings and the location of associated n umb ers shall be arranged to prevent 
pointers from covering any portion of the scale marks or numerals. The po inter shall come to 
within 0.8-1.6 mm (0.03-0.06 in.) of all scale marking s (See Figure 9.4.23.3.4-2). 

m. Placement of Pointers - Pointer: shall be located to the right of vertical scales and at the 
bottom of horizontal scales. 



Figure 9.4.2.3.3.4-1 Sctle and Dial 
Positioning to 
Hmieize PsralliM 



R*fer*nta: 2, p^i 39 > 
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UajdBtze Reading Accuracy 
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a. Placement of Numerals - Numerals shall be plaoed on the side of the graduation marks away 
from the pointer to avoid having numbers covered by the pointer. If space is limited (for curved 
or arc scales) numerals may be placed inside of graduation marks to avoid undue constriction 
of the scale. 

o. Setting - If the display will be used for setting a value (e.g., tuning in a desired frequency), 
the unused portion of the dial face Khali be covered, and the open window shall be large enough 
to permit at least one numbered graduation to appear at each side of any setting. 

9.4.2.S.3.5 dock and Timer Design Requirements 

Requirements for die design of clocks and timers are provided below. 

a. Digital Clocks and Timers - Time measurement indicators shall be of the digital readout type. 
Where applications require the display of qualitative information (e.g., relative approximate 
time) other types of indicators (e.g., analog docks and/or clocks of lesser accuracies) may be 
used, subject to die approval of the procuring acrivity. 

b. Format - Time measurement indicators shall indicate time or time intervals in seconds (CO 
to 59), minutes (00 to 59), and hours (00 to 23). Values extending beyond 24 hours shall be 
displayed in terms of days unless otherwise specified. Greater or lesser resolution will be 
provided as required. 

c. Accuracy - Accuracy shall meet die requirements of the task. 

d. Control Modes - Unless otherwise specified, the manual control modes listed below shall be 
provided for each time measurement indicator. 

1. Start - Upon activation of the start control line, the indicator shall begin to count within 
100 milliseconds. 

2. Stop - Upon activation of the stop control line, the indicator shall stop within 100 

millkpranfk 

3. Reset - Upon activation of the reset control line, the indicator shall reset to zero within 
500 milliseconds. 

4. Slew/Set: 

a) Individual digit slew control shall be provided. 

b) A manually set indicator shall slew in an upward direction (from the lowest reading 
to the highest reading) at the rate of 2 digits per second. A downward slewing mode 
is not required. 

c) For applications where a ’direct set* mode is provided in lieu of a timer shall display 
the commanded reading within 500 milliseconds after the activation of the "enter* or 
“proceed* command. 
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d) Upon activation of the count up command and start command, the indicator will 
count up and continue counting up through zero upon reaching maximum count (e.g., 
59:58, 59:59, 00:00, 00:01, 00:02). 

e) Upon activation of the countdown command and start command, timers shall 
countdown to zero and upon reaching zero shall begin to count up (e.g., 00:02, 00:01, 
00:00,00:01,00:02). This control mode shall be implemented for event timers. The 
mode shall not be provided for clocks unless specifically requested. 

f) There shall be no possibility of ambiguity as to whether a timer is counting toward 
its target time, or has passed the target time and is counting away from it, if this 
ambiguity could negatively affect system performance. For exam ple, an overtime light 
can be used. 

9.4.2.S.3.6 Flag Display Design Requirements 

Requirements for the design of flag displays are provided below. 

a. Use - Flags shall be used to display qualitative, non-emergency conditions. 

b. Location and Mounting - Flag indicators shall be located above the associated control switch, 
within meter windows, or with associated items as applicable. Panel flags shall be mounted as 
dose to the surface of the panel as possible without obscuring necessary information. 

c. Snap Action - Flags shall operate by snap action. 

d. Contrast - A minimum of 75% luminance contrast shall be provided between flags and their 
backgrounds under all expected li ghting conditions. 

e. Malfunction Indication - When flags are used to indicate the malfunction of a visual display, 
the malfunction position of the flag shall obscure part of the operator’s view of the malfunction- 
ing display and shall be readily apparent to the operator under all expected levels of illumination. 

f. Positions • Flag indicators shall be restricted to three positions, with preference being given 
to the two-position type. 

g. Information Content - Each flag indicator shall indicate a sin g le , immediately identifiable 
event (e.g., the completed opening of a valve). 

h. Legend - Alphanumeric legends shall be used in lieu of, or in addition to, color coding 
whenever possible. When a legend is provided on the flag, the lettering shall appear upright 
when the flag assumes the active or no-go position. 

i. Gray Flag - A gray colored (blank position) mechanical “talk back 0 flag shall mean that a 
particular system element is in an operational mode or is not inhibited from operation. 

j. Barber Pole Flags - A barber pole (striped) flag shall mean that a particular system element 
is indeterminate, inactive, or inhibited from operation. 

k. Red Flag - A rod flag shall mean that a particular system element has failed. 
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L Test Provision - A convenient means shall be provided for testing the operation of flags. 

9.4.2. 3 .3. 7 Digital Display Design Requirements 

Requirements for die design of digital displays are provided below. 

a. Mounting - Counters shall be mounted as dose as possible to the panel surface so as to 
minimize parallax and shadows and maximize the viewing angle. 

b. Spacing Between Numerals - The horizontal separation between numerals shall be between 
one quarter and one half die numeral width. Numbers having more than five digits shall have 
groups of three digits separated by either blank space equivalent to one-half die width of one 
character or by commas. Grouping shall start from the right. 

c. Movement: 

1. Snap action • Numbers shall change by snap action in preference to continuous movement 

2. Update rate - The update rats shall not be faster than two per second. 

3. Reset - The rotation of a counter reset knob shall be clockwise to increase die counter 
indication or to reset die counter. 

4. Slew rate - Manual slewing modes, provided, shall be capable of slewing individual 

digits at a normal rate of two characters per second. A separate control shall be provided 
for each individual digit (e.g., “units" digit, “tens’ digit, etc), unless otherwise specified. 

d. Illumination - Digital displays shall be sdMiuminated when used in areas in which ambient 
illumination will provide display luminance below 3.5 cd/m 2 (1 ft-L). 

e. Individual characters shall normally be limited to the numbers 0 through 9, the capital letters 
of the English alphabet (A through Z), die plus (+) and minus (-) signs, and the decimal point. 

f. Accuracy - Digital indicators shall possess an internal accuracy equal to or better than die 
least significant digit displayed by the indicator. 

g. Analog Inputs - When analog-to-digital conversion is required to display an analog signal in 
digital form, the displayed digit(s) shall reflect die analog signal rounded off to die nearest whole 
number of the least significant digit displayed (Note: 0.5 shall be rounded up). 

9.4.2.3.5.8 Light Emitting Diode (LED) Design Requirements 

Requirements for the design of light emitting diodes are presented below. 

a. Intensity Control - LEDs shall be capable of being dimmed. 

b. Color Coding * Use of LED color coding shall conform to Paragraph 9.5.3 .2 i, herein. 
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c. Lamp Testing - LED indicator lights with less than 100,000 hours mean time between Mure 
(MTBF) shall require a lamp testing capability. 

9.4.2.3.S.9 Visual Display Terminal (VDT) Design Requirements 

Requirements for the design of visual display terminal (VDT) displays are prese nt ed below. 

a. Resolution - All displays shall have a minimum resolution of 67 lines per inch 

b. Luminance ■ The minimum level of luminance recommended for characters on a VDT, 
regardless of wavelength, shall be 70 cd/m 2 (20 fL) with a level of 170 cd/m 2 (50 £L) preferred 

c. Contrast: 

1. Controls -VDTs shall be equipped with controls that permit the crew to optimize VDT 
discriminability under all anticipated environmental and systems operating conditions. 
Adjustment of brightness, contrast, and other electronic parameters shall permit the detec- 
tion of the weakest target that is simulated. 

2. Tolerance - Operating tolerance for contrast shall be 2 %. 

3. Manual control - Under normal operating conditions, a manual VDT brightness control 
shall be provided allowing selection of contrast between the lowest Intensity symbology and 
its background of from 1:1 to at least 16:1. 

4. High ambient - As the highest ambient light level is reached, the contrast ratio between 
the lowest intensity symbology and the background shall degrade to not less than 2 : 1 (unless 
a lower contrast has been manually selected) . 

5. Automatic control - Where critical images (those necessary for crew safety and mission 
success) are exposed to rapid or frequent changes in ambient light levels, the contrast ratio 
shall be automatically maintained at a level selected by the operator. 

6. Recommended contrast - The maximum contrast shall be 90%, the minimum shall be 
88%. This narrow range applies specifically to alphanumeric displays with contrast defined 
as given below. 


%C = [((Lc+Lr)-(Ld+Lr)) / 
(Lc+Ld+2Lr)] x 100 

C = contrasts 

Lc *= character luminance 

Ld = background luminance 

Lr = reflected luminance 
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d Glare - Glare from a VDT screen shall be controlled for viewing from any angle within 30° 
of the axis normal to the screen. 

e. Surround: 

1 . The luminance range of surfaces Immediately adjacent to the display shall be between 
10 % and 100 % of screen background himinnnre. 

2. Surfaces adjacent to die display shall have a dull matte finish. 

f. Flicker - the refresh rate for VDTs shall not be less than 55 Hz. For aiphanumerics presented 
in negative contrast (dark characters on light background) the refresh rate shall be at least 100 
Hz. 

g. Viewing Distance and Angie: 

1 . A nominal viewing distance of 510 mm (20 in.) for VDT use shall be provided. 

2 . Viewing Angle - All areas of the display surface shall be legible from within at least 30 
degrees of the axis centered on, and normal to, the screen. 

h. Installation - The face of VDT displays shall be flush with the surface of the panel in which 
it is installed. 

L VDT Aiphanumerics: 

1. Character definition - The smallest definition for a dot matrix shall be 5 by 7 dots, with 
7 by 9 preferred. If system requirements call for symbol rotation, a minimum of 8 by 11 is 
required, with 15 by 21 preferred. 

2. Character fonn 

a) Unless precluded by other requirements, a standard font shall be used across an 
entire system. 

b) The font shall indude lower case characters and allow for descenders. 

c) Superscripts and subscripts shall be provided. 

3. Character size: 


a) Character height: 

1) For extended text, character height shall subtend a minimum of 15 minutes of 
arc for low definition characters (5x7). The maximum height shall be 22 minutes 
of arc unless a task analysis indicates need for a greater height in any specific 
application. 
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2) Flight display characters (not mended text) shah not suotend less than 24 
minutes of visual angle to ensure adequate legibility under launch/entry condi- 
tions. 

b) Character width - Character width shall be approximately 75% of character height. 

c) Stroke width - Stroke width shah be 1/6 to 1/S of character height. 

4. Alphanumeric spacing: 

a) Vertical spacing (line spacing) • Vertical spadng between lines shah be great enough 
so that immediately adjacent ascenders and descenders are separated by at least one 
blank pixel 

b) Horizontal spacing: 

1) Between words -In printed text, normal spacing between words on a line shah 
be one character width. 

2) Between characters -Minimum spacing between successive characters on a line 
shall be one pixel or 20% of chancier width (whichever is greater). 

c) .Descender Length - Descenders shah descend below die line by a distance of 10% 
to 15% of the upper case letter size. 

5. Case - Extended text shah be in uppercase and lowercase letters. Words consisting of 
uppercase letters shall be used only to attract the operator's attention (e.g., for a label or 
title). 

j. Target Size - When rapid identification is required (e.g., a target of complex shape is to be 
distinguished from a non-target shape that is also complex), the target signal shah subtend no 
less than 20 minutes of visual angle at the intended viewing distance. (The term ’target* is used 
to mean any object, symbol, pattern, or marking that an operator must see.) 

k. Display Face Facsimiles - Images of scale indicators, digital indicators, signal devices, and 
other display faces synthesized on VDT screens shall conform to the general requirements 
previously liked for specific types of displays. 

L Color - When color VDTs are used, they shah possess the capability to display at least four 
colors (in addition to black and white) for alphanumeric and two-dimensional displays. For 
three-dimensional graphics displays the VDT shah possess the capability to display at least nine 
colors. 

m. Display Overlays - The VDT shall provide the capability to display video with text and graphic 
overlays. 

il Highlighting - VDT, as a minimum, shall > 'ride the following highlighting techniques: bold 
(high intensity) characters, reverse polar:-* c'i ring. 



NASA-STD-300Q/VOLV1 


o. Windowing -When windowing capability bused. The user shall have the capability to create 
windows, delete windows, overlay windows, activate windows, move windows, and size 
windows. Images within windows shall be scrollable, if they are larger than the window itself. 

9.4. 2.3. 4 Display Maintenance Design Requirements 

a. Lamp Redundancy - Incandescent display lighting shall incorporate filament redundancy or 
dual lamps. When one filament or bulb fails, the intensity of the light shall decrease sufficiently 
to indicate the need for lamp replacement, but not so much as to degrade operator performance. 

b. Lamp Testing - When indicator lights using incandescent bulbs are immiled on a control 
panel, it shall be possible to test all control panel lights at one time. When applicable, design 
shall allow testing of all control panels at one time. Panels containing three or fewer lights may 
be designed for individual press- to-test bulb testing. 

c. Lamp Replacement - Where possible, lamps shall be removable and replaceable from die 
from of the display paneL The procedure for lamp removal and replacement shall not require 
the use of tools and shall be easily and rapidly accomplished. 

d. Lamp Removal Safety - Display circuit design shall permit lamp removal and replacement 
while power is applied without causing failure of indicator circuit components or imposing 
personnel safety hazards. 

9.4.3 Audio Displays 

9.4.3. 1 Introduction - N/A 

9.4.3. 2 Audio Displays Design Considerations - N/A 

9. 4.3. 3 Audio Displays Design Requirements 

9.4.3.3.1 General Design Requirements 

General requirements for the design of audio displays are provided below. 

a. False Alarms • The design of audio display devices and circuits shall predude false alarms. 

b. Failure - The audio display devices and circuits shall be designed to predude warning signal 
failure related to system or equipment failure and vice versa. Positive and attention demanding 
indication shall be provided if failure occurs. 

c. Circuit Test - All audio displays shall be equipped with circuit test devices or other means of 
operability testing. 

d. Disable - An interlocked, manual disable shall be provided if there is any failure mode which 
can result in a sustained activation of an audio display. 
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9.4.3.S.2 Audio Icput/Output Equipment Design Requirements 

a. Frequency Response - Microphones/input devices, loudspeakers/output devices, and as- 
sociated audio system devices shall be deigned to respond optimally to that part of the 
speech/audio spectrum most essential to intelligibility (i.e, 200 to 6,100 Hz). Where system 
engineering necessitates speech transmission bandwidths narrower than 200 to 6,100 Hz, the 
minimum acceptable frequency range shall be 250 to 4,000 Hz. Amplitude variation across the 
frequency response bandwidth (flatness) shall be not vary more than +/- 3dB. 

b. Input devices: 

1. Dynamic Range - The dynamic range of a microphone/input devices shall be great enough 
to admit variations in signal input of at least 50 dB. 

2. Noise Canceling - Noise canceling micro phone/input devices are required for high noise 
enviroriments (85 dB (A) or above) and are preferred in all areas. 

c. Loudspeaker/output devices : 

1. Sidetone - The speaker's verbal input shall be in phase (net uuve a percr' vable delay) 
with its reproduction as heard on the output device. 

2. Audio equipment used to feed multiple channnels into output devices shall maintain die 
frequency response uniformly (+/- 5dB) ever the bandwidth. 

3. Headsets -Iflisteners will be working in high ambient noise (85dB(A) or above), binaural 
rather than monaural headsets shall be provided. Unless operational requirer- mis dictate 
otherwise, binaural headsets shall be wired so that the sound reaches tiu iwn ears in 
opposing phases. Their attenuation qualities shall be capable of reducing the ambient noise 
level to less than 85 dB(A). Provisions shall be incorporated to furnish the same protection 
to those who wear glasses. 

d. Use of De-emphasis - When transmission equipment employs pre-emphasis and p-ak-dipping 
is not used, reception equipment shall employ frequency de -emphasis of characteristics com- 
plementary to those of pre-emphasis only if it improves intelligibility (Le., de-emphasis shall he 
a negative-slope frequency response not greater than 9 dB per octave over die frequency range 
140 to 4,800 Hz). 

e. Feed Back Noise - Positive feedback noise shall be controlled to the extent that normal voice 
communication is not adversely affected. 

f. Earphone/Speaker To Microphone Feedback Isolation: 

1. Sufficient electrical, mechanical, and acoustical isolation shall be provided to predude 
feedback oscillations (squeal problems) or echo effects (no aiscemable unwanted voice echo 
to speaker). 

2. Earphone/ Speu/er to microphone system loop gain shall be limited to less than 1. 
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9.4.3. 3. 3 Operator Comfort assd Coavenience Deaiga SeplremsQts 
Requirements for operator comfoit and convenkr.ce are provided beJnw. 

a. Comfort - Communication equipment to be worn by a crewmember (e.g., headphone) shall 
be designed to preclude operator discomfort. Metal pans of the headset :hall not come in contact 
with the user’s skin. 

h. Hands-Free Operation - Operator microphones and headphones shall be designed to permit 
hands-free operation under normal working conditions. 

9.4.4 Cauttoai and Warning Displays 

9.4.4. 1 Introduction - N/A 

9.4.4.2 Cnuti: a and Warning System Design Considerations - N/A 
9 4. 4. 3 Caution and Warning System Design Requirements 

9. 4.4. 3.1 Alarm Classification Design Requirements 
Three alarm classifications are presented below. These are: 

a. Emergency (class 1 alarm). 

b. Warning (class 2 alarm). 

c. Caution (class 3 alariO. 

9.4.4.3.1.1 Emergency Display Design Requirements 
Requirements for the design of emergency displays are presented below. 

a. Definition of Class 1 Alarm - A life threatening condition requiring immediate attention. 
Predefined crew responses may be required prior to taking corrective action. Examples: cabin 
pressure decrease, fire/smoke, toxic atmosphere, impending collision. 

b. Annunciation Requirements: 

1. Each condition shall trigger a unique aural tone, (e.g., fire-siren, cabin pressure-klaxon). 

2. Tones and visual annunciation .'rail be heard and seen in any habitable area of the ACRV 
and the SSF. 

3. Illuminated visual annunciation shall indicate presence of Specific emergency condition. 

4. Tone Khali be resettable at all major control consoles/areas. 
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5. Corrective action information shall be available. 

9. 4. 4.3. 1.2 Warning Signal Design Requirements 

Requirements for the design of warning signals are presented below. 

a. Definition of Class 2 Alarm - Conditions that require imm ediate correction to avoid loss of 
major impart to mission or potential loss of crew. Examples: electrical bus loss, cooling loop 
failure, rapid loss of consumables. 

b. Annunciation Requirements: 

1. A warning signal shall trigger an identifiable warning tone and master warning light at 
all major control consoles/areas of the ACRV and die SSF. 

2. Tone and light shall be reset only by crew action. 

3. Message or light shall be provided to specify condition. 

4. Method shall be provided to determine if condition return' within limits. 

5. Corrective action information shall be available upon crew request. 

9.4.4.3.1.3 Caution Display Design Requirements 

Requirements for the design of caution displays are provided below. 

a. Definition of Class 3 Alarm: 

1. Conditions of a less time critical nature, but with the potential for further degradation if 
crew attention is not given. Example: heavier than normal consumable usage. 

2. Messages that flag loss of redundant equipment such that a subsequent failure could 
result in a warning condition. Action is not necessarily required except that the effect of the 
loss in future activity planning must be considered. Example: loss of backup communication 
equipment 

b. Annunciation Requirements: 

1 . Caution displays shall trigger a general tone and light (different Jian class 2 tone/light) 
for a set time duration. This duration may be set differently for each caution condition. 

2. Tone and light shall be estinguishable by crew action. 

3. Data system message shall specify condition and corrective action at the discretion of the 
crew. 

4. At least one crewmember shall always be available to receive a caution signal. 


9-51 


NASA-STD-3000/VOLYI 


5. A method shall be provided to determine If condition returns within limits. 

6. A method shall be provided to identify momentary out of limits condition. 

9. 4. 4.3. 2 General Caution and Warning System Design Requirements 

General requirements for caution and warning systems (CWS) are provided below. 

a. CWS Recovery - The CWS shall be rapidly recov e rable from a software system crash. 

b. CWS Test Limits - Permanent limit or test conditions shall be stored redundantly in such a 
way that they are protected from system crashes and single operator errors involved with 
temporary limit changes. 

c. System Failure - The system shall remain operable during and after major system failures 
(power, data, etc). 

d. Sensor Changeout • Critical CWS sensors shall be accessible for changeout when feasible. 

e. System Status During Alarm - After an alarm is triggered, it shall be quickly determinable if 
the out-of-limit condition stdl exists and/or if a new out-of-limit condition occurs. 

f. CWS Suppression - The CWS shall allow alarms, due to predefined activities or conditions, 
to be screened or suppressed. 

g. Alarm Source -The source of an alarm due to any limit violation shall be easily determined 
(even if alarm condition is no longer present). 

h. Time History - The history of all alarms shall be maintained and shall be easily retrievable, 
with the time of occurrence noted. 

i. Alarm Classification - The approximate level of classification of an alarm shall be instantly 
apparent. 

j. CWS Status - After real-time modifications are made to CWS software, exact status shall be 
easily determined. 

k. CWS Baseline Limits - A return to the baseline (default) configuration of die CWS shall be 
easily enabled after a temporary modification or software “crash*. 

L Multiple Alarms - A single failure condition shall not cause a ‘waterfall* of related alarms. 
However, all out-of-limit conditions shall be retrievable by crewmembers. 

su Existing Signals - Established and recognized audio alarm signals shall be used, provided 
they are compatible with the acoustic environment and the requirements specified herein. 
Standard signals shall not be used to convey new meanings. 

a. Priority - The CWS shall recognize the highest category of unacknowledged signal. 
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o. Disruptive Alarms: 

1. AH Gass 1 through 3 alarms that would disrupt crew performance shall be capable of 
being easily downgraded to a redundant but non-disruptfve alarm after its initial alerting 
function has been acknowledged. For example, an audio alarm might be downgraded to a 
non-disruptive visual sig nal that would be presented continuously until the alert condition 
no longer existed. 

2. A disruptive alarm that requires manual shut-off shall not be used if the act of ahuttirg 
it off would interfere with the corrective action required. 

p. Alerting Function - CWS alarm signals shall have positive alerting characteristics under all 
operating conditions. 

9.4.4.S.3 Visual Caution and Warning Display Design Requirements 

Requirements for die design of visual caution and warning systems are presented below. 

a. Master Aim ui Light 

1. A master alarm light shall be provided in cases where caution, warning, or emergency 
lights have been located outside of the operator's 30 degree cone of vision. 

2. Illumination of the master alarm light shall indicate that at least one or more caution, 
warning, or emergency lights have been energised. 

3. The master alarm light and any applicable caution, warning, or emergency light (s) shall 
be energized simultaneously. 

4. Master alarm status lights "hall be visible to all operating personnel. 

b. Advisory and Alerting - Displays such as multifunction displays, cathode ray tube displays, 
head-up displays, collimated displays and other visual display devices displaying simultaneous 
and integrated information shall advise or alert operating personnel to information that becomes 
critical within the display. 

c Extinguishing Signal Lights • Signal lights shall be extinguished by one or more of die 
following methods: 

1. Restoration of a within-tolerance condition without remedial action or as a result of 
automatic switch-over. 

2. C-orrecion of the situation as a result of remedial action by the crew. 

3. Performance of some action by the crew which is directly related to the controls of the 
affected system or component This action indicates one or more of die following: 
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a) An acknowledgement of the occunet x of the malfunction. 

b) The completion of indirect remedial action. 

c) The shutting down of the malfunctioning system or component. 

d. Unambiguous Signals - CWS information shall be presented unambiguously, identifying the 
actual problem. 

e. Color -The color of CWS indicator lights shall conform to die designation given in Paragraph 
9.5.3.2L 

f. B lightness - Indicator iighta shell be at least three times brighter than the other indicators un 
the same pend. 

9.4,4.? A Audio Caution and Warning System Display Design Require- 
ari«3Jtu 

9.4 .4.3.4. 1 Audio Alarm Characteristics Design Requirements 

Requirements for the design of audio alarm signals are provided below. 

a. Frequency. 

1. Range- The frequency range shall be between 200 and 5, 000 Hz and, if possible, between 
500 and 3,000 Hz. Frequencies below 500 Hz shall be used when rigmls must bend around 
obstades or pass through partitions. The selected frequency band shall differ frun the most 
intense background frequencies. 

2. Spurious signals - The frequency of an a larm tone shall be different from that of the 
electric power employed in the system to preclude the possibility dint a minor equipment 
failure may generate a spurious signal. 

b. intensity; 

1. Compatibility with acoustical environment - The intensity, duration, and source location 
of audio alarms and signals shall be compatible with die acoustical environment of die 
intended receiver as well as the requirements of other personnel in the stg rr.1 areas. 

2. Compatibility with clothing and equipment - As applicable, audio signals shall be loud 
enough to be heard and understood through equipment or garments. 

3. Discomfort - Audio alarm signals shall not be of such intensity as to cause discomfort. 
The limits established in paragraph 5.4.3 Acoustics Design Requirements shall not be 
exceeded. 

4. Audibility - A signal -to- noise ratio of at least 20 dB shall be provided In at least one octave 
band between 200 and 5,000 Hz at the operating position of the intended receiver. 
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5. Pressure operated gain control switches to compensate for volume attenuation In 
underpressurized areas shall be provided 

c. Alerting Capability; 

1. Attention - Signals with high alerting capacity shall be provided when the system or 
equipment imposes a requirement on the operator for concentration of attention. Such 
signals shall not, however, be so startling as to preclude appropriate responses or interfere 
with other functions by holding attention away from other critical signals. 

2. Onset and sound pressure level - The onset of critical alerting signals shall be sudden, 
and at a sound pressure level as specified in b.4. above. 

3. Headset - When the operator is weaiing earphones covering both ears during normal 
equipment operation, the audio alarm signal shall be directed to the operator's headset as 
well as to the work area. 

d Discriminability: 

1. Use of different characteristics - When st /'ial different audio signals are to be used to 
alert an operator to different types of conditions, discriminable difference in intensity, pitch, 
or use of BEATS and HARMONICS shall be provided If absolute diKTriminBrinn is required, 
the number of signals to be identified shal l not eaceed four. 

2. Action segment - The identifying or action segment of an audio emergency signal Khali 
specify the precise emergency or condition rcq'urin action. 

3. Critical signals - The first 0 5 second of an audio signal requiring fast reaction shall be 
discriminable from the first 0.5 second of any other signal that may occur. 

4. Differentiation from routine signals - Audio alarms intended to bring the operator's 
attention to a malfunction or failure shall be differentiated from routine signals, such as 
normal operation noises. 

5. Prohibited types of signals - The following types of signals shall not be used as alarms 
where possible confusion might exist because of the operational environment: 

a) Modulated or interrupted tones that resemble navigation signal* or coded radio 
transmissions. 

b) Steady signals that resemble hisses, static, or sporadic radio -si gnal*. 

c) Trains of impulses that resemble electrical interference whether regularly or ir- 
regularly spaced in time, 

d) Simple warbles that may be confused with the type made by two carriers when one 
is being shifted in frequency (beat-fequency-os dilator effect). 

e) Scrambled speech effects that may be confused with cross modulation si gnal* from 
adjacent channels. 
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f) Signals chat resemble random noise, periodic pulses, steady or frequency modulated 
simple cones, or any other signals generated by standard countermeasure devices (e.g., 
‘bagpipes*). 

e. Masking Other Critical Channels . Audio alarm signals shall not interfere with auy other 
critical functions or mask other critical audio signals. 

9.4.4.5.4.2 Audio AI&fse Central Design Requirements 
Requirements for the design of controls for audio alarm devices are presented below. 

a. Automatic or Manual Shut-Off • When an audio signal is designed to persist as long as it 
contributes useful information, a shut-off switch controllable by the operator, die sensing 
mechanism, or both, shall be provided, depending on die operational situation and personnel 
safety factors. 

b. Automatic Reset - Whether audio alarm signals are designed to be terminated auto matically , 
by manual control, or both, an automatic reset function shall be provided. The automatic reset 
function shall be controlled by the sensing mechanism which shall recycle the signal system to 
a specified condition as a function of time or the state of die signaling system. 

c Volume Control: 

1. Automatic or manual - The volume (loudness) of an audio alarm signal shall be designed 
to be controlled by die operator, the sensing mechanism, or both, depending on die 
operational situation and personnel safety factors. Control movements shall be restricted 
to prevent reducing the volume to an inaudible level. 

2. Ganging to mode switches - Volume controls may be ganged to mode switches to provide 
maximum output during mission phases in which intense noise may occur and to provide 
reduced volume at other times. Gan g in g shall not be accomplished if there is a possibility 
that intense noise may occur in an emergency situation during a mission phase in which the 
volume would be decreased below an audible level 

9. 4.4. 5. 4.3 Verbal Alarm Signal Design Requirements 

Requirements for the design of verbal CWS si gnal* are presented below. 

a. Nature of Signals - Verbal alarm signals shall consist of: 

1. An initial alerting signal (non-speech) to attract attention and to designate the general 
problem. 

2. A brief standardized speech signal (verbal message) which identifier tsedfic 
condition and optionally suggests appropriate action. 

b. Intensity - Verbal alarms for aitiau functions shall be at least 20 dfi above the speech 
interference level at the operating position of the intended receiver. 
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c. Vocal Criteria; 

1. Type of Voice - The voice used in recording verbal alarm signals shall be distinctive and 
mature. 

2. Delivery style • Verbal alarm si gnals s hall be presented in a formal, impersonal manner. 

d. Speech Processing - Verbal alarm signals shall be processed only when necessary to increase 
or preserve intelligibility, such as by increasing the strength of consonant sounds relative to 
vowel strength. Where a si gnal must be relatively intense because of high ambient noise, 
peak-clipping may be used to protect die listener against auditory overload. 

e. Message Content - In selecting words to be used in audio alarm signals, priority shall be given 
to intelligibility, ability to convey desired message, and conciseness in that order. 

f. Critical Verbal Alarms - Critical verbal alarm signals shall be repeated with not mare than a 
3 second pause between messages until the condition is corrected or overridden by die crew. 

9.4.5 Advisory and Tutorial Displays 

9.4.5. 1 Advisory and Tutorial Design Requirements 

9.4.5.1.1 Advisory Display and Annundaticr Requirements 

Requirements for the design of advisory displays are presented below; 

a. Definition of an Advisory Display • System initiated messages advising of a process status or 
other discrete event. Examples: Rendezvous solution complete, mass memory search for format 
in progress. Crew programmed reminder alerts keyed to time, orbit phase, bi-level state, 
parameter limit. 

b. Annunciation Requirements: 

1. No tones or lights shall be provided. 

2. Message shall accompany all alerts. 

3. A histor> r of all messages shall be maintained and available for recall. 

4. Advisory displays shall be limited to specific workstations. 

9.4.5. 1.2 Tutorial Display and Annunciation Requirements 

Requirements for the design of tutorial displays are provided below; 

a. Definition of a Tutorial Display - Messages denoting illegal keyboard syntax, or for assisting 
in proper completion of required inputs. These are limited to software configuration require- 
ments. 
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b. Annunciation Requirements - No tones/lights shall be used. 

9.5 LABELING AND CODING 

9.5.1 Introduction - N/A 

9.5.2 Labeling and Coding Design Considerations - N/A 

9.5.3 Labeling and Coding Design Requirements 

9.5.3. 1 Labeling Design Requirements 

9. 5.3. 1.1 Labeling Standardization Design Requirements 

Requirements for standardizing labeling are listed below. 

a. Standardization - To the extent practical, labeling shall be standardized between and within 
systems. 

b. Categories - Different labeling categories shall be distinct from one another (e.g., it shall be 
obvious with a quick glance that a label with operating instructions is not an emergency 
procedure or a stowage label). 

9. 5.3. 1.2 Readability Design Requirements 

The readability of labels and markings shall be maximized. The following requirements apply. 

a. Vibration, Motion, and Ill uminati on - Labels and markings shall allow easy and accurate 
reading in the operational environment, which includes vibration, motion, and illumination 
considerations. 

b. Concise and Unambiguous - Labels shall be as concise and unambiguous as possible while 
still conveying the intended information. 

c. Language - Labels shall be wri tten in the English language. 

d. Redundancy - Redundancy shall be minimized. 

e. Accuracy - Labels and markings shall provide the required accuracy of identification. 

f. Size * The size of labels and markings shall be appropriate for all distances from which they 
must be read. 

g. Illumination - Labels and markings shall be designed to be read at all expected illumination 
levels and color characteristics of the illuminann 

h. Critical Function - The design of labels and markings shall take into account the criticality of 
the function to be labeled. 
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i. Specular Reflection - The desigr of labels and markings shall minimize the effects of specular 
reflection on their readability. A matt e or lusterless finish shall be used. 

j. Sharpness, Contrast, and Wear - Labels and markings shall be sharp, have high contrast, and 
not lose readability as a result of wear. 

k. Clutter - Labeling and markings shafl be designed and placed so as to minimize visual clutter 
that could result in information overload. 

L Iconic^ Symbolic Labels - Iconic or symbolic labels shall be permitted. 

9.5.3. 1.3 Display Label Placement Design Requirements 

Requirements for display label placement are given below. 

a. Orientation - All markings and labels shall be oriented horizontally to the common plane so 
that they may read quickly and easily from left to right (vertical orientation shall be avoided 
whenever pocrible). 

b. Display Labels - Labels identifying display functions shall be placed on the panel above the 
display. 

c. Curved Surfaces - Placement of labels on curved surfaces shall be avoided when possible, 

d. Visibility - Markings shall be located so that they are visible to crewmembers in the normal 
position of access or operation. 

e. Overhead Panels - On overhead panels, markings and labeling shall be oriented such that 
they appear upright when observed from the operational viewing angle. 

f. Clutter - Markings shall be spaced to avoid a cluttered appearance, 

g. Association Errors - The arrangement of markings on panels shall be such that errors of 
association of one marking or set of markings with adjacent ones shall not be possible. 

9.5.3. 1.4 Scale Marking Design Requirements 

Requirements for the design of scale markings are provided below; 

a. Accuracy; 

1. Display range and readout accuracy shall not exceed the needs of the crew to manage 
the equipment for which the displays are provided. 

2. Scale markings shall not permit readout accuracies that are more precise than die 
accuracy of the input signal. 
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3. In general, scales that are to be read quantitatively to the nearest graduation mark abaft 
be designed so that interpolation between graduation marks is not necessary. Interpolation, 
if required, shall be limited to one half the distance between minor graduation marks. 

b. Interval Values: 

1. The graduation intervals shall progress by 1, 5, or 2 units or decimal multiples thereof, 
in that order of preference. 

2. The number of graduation marks between numbered graduation marks shall not exceed 
9. 

c. Scale Markings (High Luminance - above 1 ft-L): 

1. The minimum width of major, intermediate, and minor marks shall be 0.32 mm (0.0125 
in.). 

2. The length of major, intermediate, and minor graduation marks shall be at least 5.6 mm, 
4.1 mm, and 2.5 mm (0.22, 0.16, and 0.09 in.), respectively. 

3. The minimum distance between mqjor graduation marks shall be 13 mm (0.5 in.). 

4. Minor graduation marks may be spaced as dose as 0.89 mm (0.035 in.), but the distance 
shall be at least twice the stroke width for white marks on black dial faces and at least one 
stroke width for black marks on white dial faces. 

d. Scale Markings (Low Luminance * below 1 ft-L): 

1. The minimum width of a xnqjcr graduation shall be 0.89 mm (0.035 in.); the minimum 
width of an intermediate graduation shall be 0.76 mm (0.030 in.); and the minimum width 
ot a minor graduation shall be 0.64 mm (0.025 in.). 

2. The length of mqjor, intermediate, and minor graduation marks shall be at least 5.6 mm, 
4.1 mm, and 23 mm (0.22, 0.16, and 0.10 in.), respectively. 

3. The minimum distance between mqjor graduation marks shall be 16.5 mm (0.65 in.). 

4. Graduation marks shall be spaced a minimum of 1.5 mm (0.06 In.) between centerlines. 

9. 5.3. 1,5 Alignment Marks/Xnterfecc Identification Design Requirements 

Requirements for alignment marks and other interface identification are provided below. 

a. Hardware Connectors 

b. Orientation - When a piece of hardware requires a specific orientation that cannot be 
identified by alignment marks, arrows and/or laLtis shall be used to indicate live proper 
orientation. 
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c. Color - Unless color coding is to be employed, alignment marks shall be luster less white on 
dark colored hardware and lusterless black on light colored hardware. 

d. Identification - Interface identification shall be used to indicate the relationship between 
unattached items that are used together, except when this relationship is obvious. 

e. Tethered Equipment - Interface identification shall not be used for movable items tethered 
to a mating part (e.g., dust cap for an electrical connector, hinged lid for a stowage container, 
etc.) 

9. 5.3. 1.6 Equipment Identification Design Requirements 

Requirements for equipment identification are listed below. 

a. Equipment Marking - Eq’iipment that must be located, identified, observed, or operated by 
a crewmember shall be marked with nomenclature that describes the function of the item and 
its pertinent interfaces. However, items whose use is obvious to the crew (e.g., food table, 
windows, etc.) are exempt from this requirement 

b. Numbered Items - Multi-quantity items that require individual distinction but are not 
serialized shall be individually numbered. 

c. Serial Numbers - Multi-quantity items that are serialized shall display the serial number as 
part of the identification. 

d. Name Plates - Name plates depicting manufacturer’s name, serial numbers, etc, shall not be 
mounted on die control or display surface area of any equipment 

9.5.3. 1.7 Location and Orientation Coding Design Requirements 

Requirements for location and orientation coding are listed below. 

a. Location and Orientation Designation - A system of location and orientation coding shall be 
established for the purpose of designating and locating crew interface items. The system shall 
be so designed as to permit a unilateral logical assignment of codes to items added or relocated. 

b. Location Maps • A map of location codes shall be provided at the entrances to a room or 
sub-volume where the coding scheme is not obvious to the crewmember, 

c Location Code: 

1. All fixed crew interface items (e.g., equipment, control/display stations, stowage con- 
tainers, connector panels, etc.) shall display a location code adjacent to the identification 
marking. 

2. Movable items that require a crew interface but are not stowed in a containment shall 
display a location code on a fixed surface adjacent to the item. 
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d. Orientation Designation - When the orientation of the vehicle axes is significant to crew 
operation: and is not obvious, axis designators shall be displayed on appropriate surfaces. 

9.5.3. 1.8 Operating Instruction Design Requirements 

Requirements for the design and use of operating instructions are provided below. 

a. Location • Operating instructions shall be located on or near equipment whose operation is 
not obvious to a crewmember. 

b. Completeness • Operating instructions shall be complete enough to allow accurate task 
performance. 

c. Equipment Name • The instructions shall have die of the equipment to be operated 
centered above die text (see Figure 9.5.3.1.&-1). 

d. Grouping - Instructions shall be grouped and tided by category (e.g^ installation, removal, 
activation, calibration, etc.) if appropriate. (See example in Figure 9.5 .3.1.8-1). 

e. Case - Instructional text shall use upper and lower case letters (See Figure 9.5.3. 1J}-1). 

f. Tide Selection - The titles of equipment, controls, displays, switch positions, and connectors 
shall be listed in upper case letters only. Care shall be taken to ensure dint ah title nomenclature 
is consistent with procedural handbooks and checklists. 

g. Required Tools - Instructions for removal of stowage items shall list the tools required, if any, 
prior to the instructional text Markings shall be used to locate the fasteners to be removed if 
clarification is required. 

9.5.3. 1.9 Stowage Container Labeling Design Requirements 

Requirements for stowage container labeling are provided below. 

a. Purpose - Stowage containers shall be labeled so that items are easy to find and return to 
place. 

b. Transparent - Where practical, containers shall be transparent, thus allowing identification 
of contents at a glance. 

& Contents list - Each stowage container shall display & list of contents on its front surface 
visible to the crewmember. Items shall be listed one per line and launch quantities noted if 
greater than one. 

d. Label Revision - Provisions shall be made to permit in-flight revisions to, or replacement of 
stowage labels on all stowable containers. 

e. Individual Crew Items • Items allocated to a specific crewmember shall be identified on die 
listing with the user’s title, name, or other coding technique. 
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SSMD 


OPERATION 

1. Obtain nota pad 

2. Place specimen on tray 

3. MASS/ON/TEMP 

4. RESET - press 

5. Control lever - RELEASE (hold until counter stop?) 

6. Control lever - LOCK 

7 . Log reading on note pad 

6. Repeat measurement for total of 3 
9. MASS /OFF /TEMP - OFF 

10. Control lever - LOCK (verify) 

11. Remove specimen and log SMMD readouts on tag 

12. Process specimen 

13. If necessary clean tray and tie-down 
CALIBRATION 

1. Obtain SPI food log 

2. Measure tray temp iM487 Digital Thermometer) 

3. Log reading 

4. MASS/OFF/TEMP - MASS 

5 . RESET - press 

6. Control lever - RELEASE (hold until counter - tops! 

7 . Control lever - LOCK 

8. Log reading in Food Leg 

9. Repeat for a total of 5 

10. Calib. points 0, 50, 100, 150, 250, 350, 500, 

750, 900, 0 

11. MASS/OFF/TEMP - OFF 

12. Voice record data at any convenient time 


Reference: 1, Page 4.8-7 


Figure 9. 5. 3. 1.8-1 Operating instructions 
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f. Subdivided Containers: 

1. If a stoiage container is subdivided internally into smaller closed containers, the sub-con- 
tainers shall carry a list of contents. 

2. If a sub-container is open to view and its contents are obvious, it is exempt from this 
requirement. 

3. If the available marking space on a sub-container is insufficient to display the complete 
content titles, a contents list shall be displayed elsewhere ar d dearly identified as belonging 
to the sub-container. 

4. The specific contents of each sub-container and its code shall be listed on the front surface 
of its container or near it. 

g. Similar Item Labeling - Containers with designated locations for placement of several similar 
items (e.g., socket wrenches in a tool kit) shall have each location identified with the title of the 
item stowed. 

9.5.2*1.10 Failed/Expen liable Item Design Requirements 
Requirements for the labeling of failed/ expended items are provided below. 

a. Failed Items - A method shall be provided for visually marking failed and expended items 
(e.g., equipment controls, displays, connectors, etc.) to indicate their unusable status. Color- 
coded labels with appropriate nomenclature (e.g., DO NOT USE) are preferred. 

b. Discardable Items - Items to be discarded after use shall display a unique marking on the 
item. Color-coded labels with appropriate nomenclature (e,g., DISCARD) are preferred, and 
the method of disposal shall be Included when applicable. 

9.5.ScI-ll Contingency labels and Marking Devices Design Retirements 
-WA 
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9.5.3.1.12 Grouped Controls and Displays Design Requirements 
Requirements for labeling of grouped controls and displays are provided below. 

a. Group Identification - Functional groups of controls shall be clearly identified (e.g,, by 
common color, by boundary lines,) 

b. Labels of Functional Groups - Labels shall be used to identify functionally grouped controls 
and displays. Labels shall be located above the functional groups they identify. 

c Boundary Lines - When a line is used to enclose a functional group and define Its boundaries, 
the labels shall be centered at the top of the sroup, in a break in the line. The width of the line 
shall not be greater than the stroke width of the letters. 
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d. Related Controls - When controls and displays must be used together in certain adjustments 
or activation tasks, aopropriate labels s hall indicate their functional relationships. 

9.5,3.1.13 Caution and Warning Labels Design Requirements 

Caution and warning labels are required for indicating potentially undesirable conditions. 
Requirements are provided below. 


a. Identification - Caution and warning labels shall identify the type of hazard and die action 
that would prevent its occurrence. 

b. Location - The caution markings shall be located in a position that permits sufficient 
opportunity for the crew to avoid the hazard. 

c. Immediate Action Controls - All controls, buttons, and small handlpy. or levers requiring 
immediate access shall have their panel background colored in accordance with the applicable 
sub-section of Section 9.5.32; large handles or levers shall be s imilar ly colored on the handle 
or lever itself. 

d. Emeigency-Use Items: 

1. Emergency-use items (e.g., repair kits, emergency lighting, fire extinguisher, etc) shall 
display a unique marking (EMERGENCY USE) surrounded by diagonal yellow and black 
stripes (see either on the item or adjacent to i , . 

2. For items located within a storage container, die diagonal striping shall be applied to the 
door of the container and the titles of the emergency items shall be included on the marldng 
instead of the words EMERGENCY USE. 

e. Warning Stripe Specification: 

1. Warning stripes shall be alternate yellow 33538 and black 37038 per FED-STD-595& 
The black snipes shall have a width not less than 1.6 mm (0.065 in.) and the yellow stripes 
shall be at least two Hmw the width of the black stripes, 

2. The striping shall be applied at s 45 degree angle rotated clockwise from the verticaL 

3. The striping shall begin and end with a yellow strip. 

4. The striping around a switch or button shall not be wider than 25 mm (1 in) or less than 
3 mm (0.125 in). 

5. If or e side of a switch or button has less than 3 mm (0.125 in) space, no striping shall be 
applied vO that side. 

f. Label Specifications - Hazard identification labels shall us ' a letter si ze and spacing large 
enough to convey the warning (see Figure 9-5.3.1.13-1). 
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Figure 9,5.3. I. 13- 1 Letter Sirs and Spacing for Caution $ 
and Warning Labels 


9.5-3.1.14 Alphanumeric Design Requirements 

9.5.3.1.14.1 Font Style Design Requirements - N/A 

9.5.3.1.14.2 Punctuation Design Requirements 

Requirements for punctuation marks used on labels are provided bdcw. 

a Use - Hie use of punctua don marks s hall be kept to a minimum. 

b. Periods * Periods shall be omitted except when needed to preclude misinterpretation. 

c Hyphens - Hyphens shall be avoided whenever possible. 

d. Parentheses and Ampersands « Parentheses and ampersands shall not be used on the display 
and control panel or other crew equipment 

e. Slashes - The slash 00 shall be used in place of die words to indicate multiple functions. 
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9.5.3.1.14.3 Upper/Lotver Case Design Requirements 

Requirements for the use of upper and lower case lettering for labeling are provided below. 

a. Abbreviations - Lower case letters shall be used in abbreviations or symbols in which their 
use is the commonly accepted practice (e.g., He, pH, Hg, etc.). 

b. Operating Instructions - Equipment operating instructions shall use lower case for test and 
upper case for die first letter of a sentence, headings, titles of equipment, and references to 
control/display panel markings. 

9.5.3.1.14.4 Tides Design Requirements 

Panel titles, subtitles, and mode titles shall be spelled out when possible. 

9.5.5. 1.14.5 Special Character Design Requirements 

Requirements for special characters are described below. 

a. Subscript and Superscript Size - Subscripts and superscripts shall be 0.6 to 0.7 times the 
height of associated characters. 

b. Subscripts • Numeric subscripts and upper case letter subscripts shall be centered on the 
baseline of associated characters. 

c. Lower Case Letter Subscripts - The base of lower case letters and the ov*ls of g, p, q, etc, 
shall be at the same lev'i as the base of adjacent capital letters. 

d. Degree Symbol - The degree symbol shall be centered on an imaginary line extended from 
the top of the F or C symbols. 

e. Pound or Number Symbol (#) - The pound or number symbol shall be centered on an 
imaginary line extended from the iop of the associated numerals and placed approximately two 
stroke widths away from them. 

9.5.3.1-14.6 Character Height Design Requirements 

Requirements for character height are presented below, 

a. Character Height - Character height depends on viewing distance and luminance level. At a 
viewing distance of 710 mm (28 in) the height of letters and numerals shall be within the range 
of values given in Figure 9.5.3.1.14.6-1. 

b. Variable Distance - For a distance (D) other than 710 mm (28 in), multiply the values in 
Figure 9.5.3.1.14.6-1 by D/710 mm (D/28 in.) to obtain the appropriate character height. 
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For coital martungs. wnh poaaton vrmabi* 
(e.g.. numerate on eoumsra and settable 
or moving states): 


For ortieaJ marttmgs, with peeiten fated 
(e g., numeral! on fated jcaiw. oontrois. 
ana iwacn marten gj, or #m*ig#r^y 
instruenena): 


For nortemicaJ markings (a.g., tdemificaEan 
labels, routine instructions, or marxings 
rstjuiredonl/’roriamitaizanon): 


Chsraaer hei§M 

3.5 od/m2(i (t-L) 

Above 3.5 cd/m2 

or below 

(1 n-L) 

5-8 mm 

2-3 mm 

(0-20-0.31 in.) 

(0.12-020 in) 

4-8 mm 

2.5-5 mm 

(0.16-0.31 in.) 

(0.10-0.20 m.) 

1 .3-5 mm 

1.3-5 mm 

(0.05-0.20 in.) 

(0.CS-O20 in.) 


PeJerertce: 2. Page 121 


Figure 9.S.3JJ4.6-1 Character Height - 710 »a (28ln) Viewing Distance 


c. Size Categories • Where feasible and appropriate, characters used in labeling shall be 
graduated in size. To determine character height, all nomenclature on a label may be divided 
into three categories: titles, subtitles, and text. The nominal heights at a viewing distance of 
710 mm (28 in) for each category shall be: 

1. Titles, 5 mm (0.19 in). 

2. Subtides, 4 mm (0.16 in). 

3. Text, 3 mm (0.12 In). 

In general, when moving to the nest larger character size, the character height shall increase 
by approximately 25 percent. 

d. Space Limi tations • The use of the same size letters and numerals for all categories on a label 
is acceptable for solving space limitation and darity problems. In this case, the height of 
lettering and numerals shall be not less titan 3 mm (0.12 in). 
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9=5.3.1.14.7 Character Width Design Requirements 

Requirements for character width are given below. 

a. Letters * The width of letters shall preferably be O.S of the height, except the letit? VwhicL 
shall be one stroke in width, the letters T and "L" which shall be 0.5 of die height, the tetter 
*M", which shall be 0.7 of the height, and the tetter "W\ which shall be 0.6 of the height. 

b. Numerals • The width of numerals shall preferably be 0.6 of the height, except for the numeral 
"4", which shall be one stroke width wider and the numeral "1", which shall be one stroke in 
width. 

c Wide Characters - Where conditions indicate die use of wider characters, as an a curved 
surface, the basic hdghr-to- width redo may be increased to 1:1. 

9.5.3. 1.14.8 Stroke Width Design Requirements 

Requirements are listed below. 

a, Height-to-Stroke Ratio - Marking tetters and numerals shall have a hdghi-to-stroke ratio of 
5:1 to 8:1, depending on die application. 

b. Trans Illuminated Background - Opaque markings on a transilluminated lighted background 
shall have a beight-to- stroke ratio of 5:1 to 6:1. 

c Transdluminated Markings - Tracs illuminated markings on a dark background or markings 
used on integrally li ghted instruments shall have a height-to- stroke ratio of 7:1 to 8:1. 

d. General Purpose Illumination - Characters used on display panels and equipment when 
viewed under general purpose flood lighting or normal daylight conditions shall have a 
height- to-stroke ratio of 6:1 to 7:1. 

9.5.3.1.14.9 Character Measurement Design Requirements 
Requirements for determining rharartw dimensions are presented below. 

a. Measurement • All letters and numeral measurement shall be made from the outside edges 
cf the stroke lines for other than machine engraving on opaque surfaces. 

b. Engravings - For all mechanical engraving on opaque surfaces, die dimension controlling die 
size of letters and numerals shall be measured from centerline to centerline of the stroke. 

9.5.3.1.14.10 Spacing Design Requirements 

Spacing requirements for text and numerals are given below. 

a. Character Spacing - The sparing between tetters within words and between digits in a 
multi-digit number shall be the approximate visual equivalent of one stroke width between two 
straight-sided letters such as H and L (This requirement is intended to accommodate the normal 
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commerdal typographical practice of spacing letters to achieve a consistent visual continuity. 
This permits dose spacing of open letters such as C and T to avoid large apparent gaps). 

b. Word Sparing • The spacing between words shall be the approximate visual equivalent of die 
letter W between two straight-sided letters such as N and F. 

C. Line Sparing: 

1. The spacing between lines of related tent shall be 0.5 of upper case letter height. 

2. Spacing between heading s and text shall be 0.6 tc 1.0 of upper case letter height. 

9. 5.3.2 Ceding Design Requirements 

Requirements for die impl ementa tion of various types of ceding are presented below. 

a. General Coding Requirements: 

1. Standardization - The application of coding techniques shall be consistent within and 
between systems. 

2. Clutter -Ceding shall only be used where useful, as excessive coding can have the negative 
effect of adding to visual dutter. 

3. Decrements - Coding s hall not reduce legibility or increase transmission time. 

4. Co mmon Usage - Codes shall conform to conventional population stereotypes and general 
user expectations when these exist. 

5. When feasible, meaningful codes shall be used rather than arbitrary codes. For example, 
use M for male and F for femal e rather than 1 for male and 2 for female. 

b. Brightness Coding: 

1. Bri ghtness coding shall be employed to differentiate between an hem of information and 
adjacent information. 

2. No more than three Levels of brightness shall be used. Each level shall be separated from 
the nearest by at least a 2:1 ratio. 

c Size Coding: 

1. Symbols • Where size difference between symbols is employed, the m$jor dimensions of 
the larger shall be at least 150% of the major dimensions of the smaller with a maximum of 
three size levels permitted. 

2. Controls - No more than three different sizes cf controls shall be used in coding controls 
for discrimination by absolute size. Controls used for performing foe same function on 
different items or equipment shall be the same size. 
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<L Pattern Coding - Pattern coding shall be used to differentiate areas of interest to the observer 
(e.g., the normal, warning, and danger operating zones of a scale), and reduce operator search 
time. 

e. Location Coding - Controls associated with similar functions shall be in the same relative 
location from panel to panel. 

f. Shape Coding - Shape coding of controls shall be used to improve their identifiahillty through 
both the visual and tactile senses. Requirements are listed below. 

1. Ease of operation -The coded feature shall not interfere with ease of control manipulation. 

2. Position and orientation independence - Shapes shall be identifiable and differentiable 
by the hand regardless of the position and orientation of the control knob or handle. 

3. Mounting - Shape coded knobs and handles shall be positively and non-reversibly 
attached to their shafts to preclude incorrect attachment when replacement is required. 

g. Underlining, Bold Face, Italics - Coding techniques shall be used when it is necessary to direct 
a reader's attention to a particular element of alphanumeric text These techniques shall include, 
but not be limited to, underline, bold face type, and italics. 

h. Flash Coding: 

1. Use • The use of flashing lights shall be min'mized, and used only where immediate 
attention is required. 

2. Flash rate: 

a) No more than 2 flash rates shall be used. 

b) Where one rate is used, the rate shall be between 3 and 5 flashes per second. 

c) Where two rates are used, the second rate shall be less than 2 per srcond. 

3. Duty cycle - Flashing lights shall have approximately equal amounts of ON and OFF time. 

4. Simultaneous signals - Flashing lights which could be simultaneously active shall have 
synchronised flashes. 

5. Failure indication - If the indicator is energized and the flasher device falls, the light shall 
ill umina te and bum steadily. 

i. Color Coding - Color identification numbers used below are per HD- STD-595. 

1. Color difference - Only one hue within a color category (e.g., reds, greens) shall be used 
in a given coding scheme, and that color shall always be associated with a single meaning. 

2. Number of colors - No more than 9 colors, including white and black, shall be used in a 
coding system. 
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3. Ambient light: 

a) Color coding shall be compatible with anticipated ambient lighting throughout the 
mission. 

b) Color-coding shall not be used as a primary identification medium if the spectral 
characteristics of ambient light during the mission, or the operator's adaptation to that 
light, varies as the result of such factors as solar glare, filtration of light, and variation 
from natural to artificial light. 

4. Familiar color meaning • Color coordinates and color temperature which are consistent 
with common usage and printing standards with respect to application are listed below. All 
color coordinates for transilluminated lighting are per C3E (Commission International del’ 
Edarirage Coordinate Char t Chromatid ty Diagram 1931). See Figure S .5. 3.2-1 for CUE 
Chromatidty Diagram and Figure 9.5 32-2 for Relative Kelvin Temperature Equivalence. 

a) Red #21 105 - Emergency, warning, and master alarm lights; safety controls; critical 
controls requiting rapid identification; emergency shutdown; control panel outline of 
a functionally critical emergency nature. Trandlluminated devices shall have coor- 
dinates of x=.633 (+/-.03) y=.255 (+/-.03). 

(Note: Under ambient red lighting, use orange-yellow and black striping.) 

b) Yellow #33538 - Caution; emergency exits; safety controls associated with emer- 
gencies of a less critical nature. Transilluminated devices shall have coordinates of 
x=.455 (+/-.03) y=.550 (+/.03). 

c) Yellow #33538 with black #37038 stripe - Immediate access; exit releases. 

d) Orange #32246 - Hazardous moving parts; machinery; start switches, etc. 

e) Green #14187 • Important and frequently operated controls having no urgent or 
emergency implications. Transilluminated devices shall have coordinates of *=.155 
(+/-.05) y=.750 (+A.05). Alternatively, for transilluminated devices, a wave length 
of 520nm is acceptable. 

f) Green (Sage) #14260 - First aid and survival. 

g) Blue #25 102 - Advisory (not recommended for general use) . 

h) Purple #37142 (magenta) - Radiation Hazard. 

0 White - Advisory (for transilluminated devices only) - Transilluminated devices shall 
have coordinates of x=.360 (+/-.03 y=.360 (+/-.03). 

5. Color deficiency - To avoid confusion by color-defident observers, do not use the color 
green if the color scheme uses more than six colors. If six or fewer colors including green 
#14260 and yellow are used, yellow #23655 shall be substituted for #33538. Red #11302 
and blue #15177 may also be used; however, do not use red and green within the same 
complement. 
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Rsferonco: 3B9, page S-1B 


Figure 9. 5. 3. 2- 2 Relative Kelvin Temperature 
Equivalence (White Light J 


6. Placards - The preferred markings and background color for placards are listed below. 


Markings 

Background 

White 

Blade 

Black 

Yellow 

Black 

White 

Yellow 

Blue 

White 

Red 

Blue 

Yellow 


7. Zone markings - On indicators where zone markings are used to indicate various 
operating conditions, the following requirements shall apply. 

a) Primary colors shall be limited to red, yellow, orange, and green consistent with 
color selection criteria given above. 
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b) Zone markings shall be applied and located in a m anner that facilitates easy 
removal 

c) Zone markings shall not interfere with the reading, of quantitative markings. 

d) When color is used to zone mark, the color shall be applied so that its meaning is 
consistent across applications. 

8. Color Contrast - An important factor to consi^ or when selecting colors is the contrast 
between various colors. This is ne^issary to enstne that each color Is easily discriminated 
from the others. Although contrast is an important consideration, it should not be used 
without regard to other important factors such as convention or standard, inherent meaning, 
and consistency across displays. 

a) The following color list shall be used to select colors that contrast maximally with, 
the color just preceding it and satisfactorily with the earlier colors in the list Colors (1) 
through (9) yield &r is factory contrast for red-green deficient as well as color - normal 
crewmembers. The remaining 13 are useful only for color-normal crewmembers. 

(1) White, 

(2) Black. 

(3) Yellow. 

(4) Purple. 

(5) Orange. 

(6) light blue, 
f 7) Red. 

(8) Buff. 

(9) Gray. 

(10) Green. 

(11) Purplish pink. 

(12) Blue. 

(13) Yellowish pink. 

(14) Violet 

(15) Orange-yellow. 

(16) Purplish red. 
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(17) Greenish, yellow. 

(18) Reddish brown. 

(19) Yellow-green. 

(20) Yellowish brown 

(21) Reddish orange. 

(22) Olivo green. 

b) Color contrast shall be selected in conjunction with color conventions and standards, inher ent 
meaning, and consistency across displays. 

9.6 USER-COMPUTER INTERACTION 

9.6.2 Introduction - N/A 

9.6.2 Data Display 

9. 6.2.1 Design Considerations for Data Display - N/A 

9.6. 2.2 Design Requirements for Data Display 

a. Stand Alone - In general, data displays shall convey enough information to allow the user to 
interpret the data without referring to additional sources. 

b. Shared Displays - If a single display monitor is used to display different categories of 
information alternately, none of the categories shall require continuous or concurrent monitor- 
ing. 


9.6.2.S Text 

9. 6.2. 3.1 Design Considerations for Text - N/A 

9.6.2.3.2 Design Requirements for Text 

Text shall be presented using upper and lower case letters. 

9.6.2 A babies 

9. 6. 2.4.3 Design Considerations for Tables - N/A 
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9. 6.2. 4/3 Design Requirements for Tables 

a. Titles - All tables shall have a concise, descriptive title. Titles shall have a consistent loca t ion 
on tables. 

b. Labels - Each group of data in a table shall have a concise, descriptive, label that is separated 
from other character; and can easily be identified as die label 

c. Consistent Widths of Characters - The fonts and widths of numeric characters shall be 
consistent within a table Highlighting of n umer ic characters by means of italics or bolding shall 
not change the w'dth of numeric characters. Differences in fonts and/or widths of alph a b etic 
characters within a table shall not affect column or row size or spacing. 

d. Grouping - All displayed data necessary to support a user activity or sequence of activities 
shall be grouped together. 

9. 6. 2. 4. 3 MabHx Tables 

9.6.2. 4.3.1 Design Considerations for Matrix Tables • N/A 

9. 8 2. 4,3. 2 Design Requirements for Matrix Tables 

a. Use - Matrix tables shall be used to present row-column data. 

b. Arrangement - Data in matrix tables shall be displayed in a left-to-right, top-to-bottom array. 
Alphanumeric data shall be left justified; numeric data shall be arranged with decimal points 
aligned vertically. (If a number does uot have a visible decimal point, the decimal point shall 

assumed.) 

c. Column Order - Material most relevant to the user or most frequently used shall be in the left 
col umn and shall progress to the least relevant in the far right column. 

d. Labels - Labels for the row variables shall be located in the left-most column; labels for the 
col umn variables shall be located in the top row. When a column extends over more than one 
■page" vertically (Le., the user has to scroll or ra?e to continue reading the column), the same 
col umn labels shall be displayed from "page" to "page". Similarly, when a row extends over more 
than one "page" horizontally (Le., die user has to .scroll or page to continue reading the row), 
die same row labels shall be displayed from *page* to “page". 

e. Readability - In tables with many rows or columns, a blank line, dots, or other distinctive 
feature shall be inserted after every fifth row or col umn as appropriate to help maintain one's 
place across columns or across rows. 

£. Organization of Rows and Columns - When possible, rows and/or columns in a table shall 
be arranged in a systematic order (e.g., chronologicaily, alphabetically, sequentially, by mag- 
nitude, by importance, or according to function). 

g. Discri minab le rows and columns - Each column shall be discriminable from every other 
column by means of a physical cue, such as sufficient blank space or a line. Simflaily, all rows 
shall be discriminable from one another by means of physical cues. 
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9.6 2.4.4 Functional Ares Tables 

9.6 2A .4.1 Design Considerations for Functional Area Tables - N/A 

9 6.2.4.4.2 Design Requirements for FuK^tional Area Tables 

a. Use - A functional area table shall be used to display related data that has a less regular 
structure than a matrix. The data are organized into functional groups, similar to a completed 
data form. 

t. Group size - Related data shall be displayed in groups which subtend five degrees cf visual 
angle or less. The groups shall be visually distinct from one another. 

c. Density - The ratio of Med display character spaces to the total number cf character spaces 
shall not exceed 30% under nominal operating conditions 

9*6.2. 5 Graphics 

9.6.2.5.1 Design Considerations for Graphics - WA 

9.6. 2. 5. 2 Design Requirements for Graphics 

a. Use - Types of graphical displays indude icons, schematics, data graphs, maps, flow charts, 
and pictures. Graphical displays shall be used when they will convey information to the user 
more clearly, effectively, or quickly than other formats, "or example, graphics may be used as 
follows: 

1. A statistical data graph is appropriate when users need to monitor chang in g data, to scan 
a data set or sets quickly, to compare multiple sets of data, or to see trends in data. 

2. A flowchart is appropriate when users need to follow a sequence of events diet involves 
logical branching or to observe the temporal order of events. 

3 . A schematic is appropriate when users need to identify both die elements of a system «nd 
the spatial/temporal organization of those elements. 

4. A map is appropriate when ust need to determine spatial relations between objects. 

b. User control - The user shall have the ability to change various physical features of a graphic 
to enhance bis or her viewing capability, including enlarging and reducing the graphic or a 
subsection thereof, increasing the amount of detail (If additional detail is available, e.g., in a 
system schematic), and selecting different orientations or reference points (especially for maps 
and schematics). 

c. Simplicity - Graphical displays shall maintain the visually simplest display consistent with 
their function. 
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d. Directing the User to the Important Data - A graphical display shall direct the user's attention 
to the critical data. For example, users will notice heavier lines before lighter ones; brighter 
colors are detected before dim ones; larger bare ere detected before slender ones. Use of these 
rules of thumb, as well as the use of coding techni ques, will make for graphic displays that direct 
the user's tttention to the desired location. 

e. Identification of Giaphic Displays - All graphic displays shall have unique, meaningful titles 
by which users can identify and access the display. 

f. Identification of Elements in Graphics - All elements In graphic displays (including objects 
in a sch emati c, geographical locations in a map, and axes in a data graph) shall be identifiable 
and discrtminabic by the user. The two most prominent techniques for providing cues for 
identification are labeling and symbols. 

1. Labels shall be in close proximity to the object that they identify, but shall not obscure 
the element 

2. In addition to cr in place of labels, symbolic coding (e.g., texture, color, or shape) shall 
be used when appropriate to aid users in identifying elements of graphical displays. 
Symbolic codes shall be accompanied by legends that provide the symbol and its referent. 

9.6.2. 6 Coding 

9.6.2. 6.1 Design Considerations for Coding - N/A 

9.6.2. 6.2 Design Requirements for Coding 

a. Highlighting - Highlighting (display coding which serves only to call the user's attention to 
a feature of a display) shall be used only for important information (e.g., out-of-limit conditions). 
When conditions change and an item that was highlighted is no longer Important (e.g., after an 
out-of-limits condition has been corrected), that item shall no longer be highlighted. The specific 
highlighting technique used (e.g., reverse video, brightness contrast, boldnss contrast, under- 
lining, or blinking) shall not have a detrimental impact on the user’s perception of the display. 

b. Grouping - Coding shall be used to group functionally similar information and to indicate 
membership in a common group. Grouping allows users to perceive a large screen as consisting 
of smaller Identifiable pieces. Spatial distance and shape coding are particularly powerful 
grouping techniques. 

1. Grouping of information shall be accomplished by spatial distance, shape coding, lines, 
color coding or other means consistent with the application. 

2. Displays with high information density shall have an intermediate number of groups. 
The preferred range for number of groups is 19-40. 

e. Symbols - Coding by means of graphic symbols, shapes, or color shall be a key method used 
to co mmuni cate the specific meaning of an element of a display to a user. The choice of a 
symbol shall not contradict highly overlcamed associations (e.g., the use of red as a symbol for 
stop or danger and the use of an octagonal sbape for stop). 
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1. As & symbolic code, color shall be redundant with at least one other coding technique. 

2. Users shell have access to the referent for every symbol. 

9.6.5.7 Windows 

9.6.2. 7.1 Design Considerations for Windows - M/A 

9.6.2. 7.2 Design Requirements for Windows 

a. Perceptual Characteristics of Windows - Windows are subdivisions of displays In which one 
functionally-related set of information is displayed. Windows shall be perceptually distinct from 
the rest of the display. 

b. Types of Windows - Users shall be able to distinguish among different types of windows based 
on the perceptual characteristics of the window. Window types can be organized in a hierarchy 
based on their function: Open vs. Closed windows, where the user has perceptual and functional 
access only to the open window; Open windows can be Active or Inactive, where the active 
window contains an on-going activity, either user-maintained (e.g., a command language 
dialogue) or system-maintained (e.g., control of an ACKV subsystem by an expert system); 
Active windows can be an Interactive window (also known as the “listener") or a Noninteracrfve 
window, where the Interactive window is the one in which user actions have their effect. 

c. Window Titles - A brief, unique, and descriptive title shall be positioned in a consistent and 
highly visible location for each window. The user shall be able to use that title in accessing the 
window. 

d. Multiple Windows - When multiple windows are open simultaneously, with the exception of 
caution & warning information, the system shall not overwrite the active window(s). 

9.6.2. 8 Design Requirements for rormetf 

a. Consistency - Display formats shall be consistent within a system. 

1. When appropriate for users, the same format shall be used for input and output. 

2. Data entry formats shall match the source document formats when feasible and efficient 
for user performance. 

3. Recurring data fields within a system shall have consistent names and shall have 
consistent relative positions within displays. 

b. Standardization - The content of displays within a system shall be presented in a consistent, 
standardized manner. 
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c. Information Density: 

1. Information density shall be held to a minimum in displays used for critical tasks. 

2. A minim um of one character space shall be left blank vertically above and below critical 
information, with a minimum of two character space left blank horizontally before and 
after. 

d. Selectable data display - Only data esential to the user’s needs shall be displayed. The system 
shall permit the user to access any data at any time 

e. Readily Usable Form - Data presented tc the user shall be in a readily usable and readable 
form such that the user does not have to transpose, compute, interpolate, or mentally translate 
into other units, number bases, or languages. 

f. Order and Sequences - When data fields have a naturaHy-ocnjrring order (e.g., chronological), 
such order shall be reflected in the format organization of the fields. 

g. Extended Alphanum erics - When five or more alphanumeric characters without natural 
organization are displayed, the characters shall be grouped in blocks of three to five characters, 
separated by a minimum of one blank space or other separating character, such as a hyphen or 
slash. 

h. Comparative Data Fields - Data fields to be compared on a character-by-character basis shall 
be adjacent. Relative position shall maximize ease of comparison. 

i. Labels and Title: 

1. Each individual data group, message, or window shall contain a descriptive title, phrase, 
word, or similar identifier to designate the content of the group or message. 

2. Labels and titles shall be located in a consistent fashion adjacent to their referent] the 
relation between the label oi title and referent shall be clearly visible. 

3. Labels and titles shall be emphasized to facilitate user scanning and recognition. Hie 
technique used for emphasis (e.g., highlighting, see Section 9.6.3. 1.4.a) shall be easily 
distinguishable from that used to highlight or code emergency or critical messages. Labels 
and tides shall not he confuseble with data. 

4. The physical features and wording of labels and title shall b : designed to avoid confusion 
as to whether the label is for a data entry field, a control option, a guidance message, or 
other displayed materials, 

5. Labels and titles shall be unique to ovoid confusions between labels. 

6. When presenting a list of user options, the label shall be descriptive of the contents of 
the list and relevant to the task being performed by the user. 
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j. Identifying Location in Sequence of Displays - Cues shall be provided to the user to identify 
the currently displayed page and the total n umb er of pages of a multiple page display (e.g., in 
a text file, the second page of a five page file might be labeled Page 2 of 5). 

k. Abbreviations and Acronyms: 

1. Information shall be displayed in plain concise text wherever possible. 

2. Abbreviations and acronyms shall be standardized. 

3. Abbreviations shall be distinctive to avoid confusion. 

4. A single word shall have no more than one abbreviation. 

5. No punctuation tkall be v ed in abbreviations. 

6. Definitions of all abbreviations, mnemonics, and codes shall be provided on-line at the 
user’s request. 

L Number System - When numeric data are displayed or required, such data shall be In the 
decimal number system by default. Users shall have the ability to change the number system 
according to their task demands. 

9.6. 2. 9 Isfbmmtiofi Display Rate 

9. 6.2. 9.1 Design Considerations for Information Display Rate ° N/A 

9.6.2.9.2 Design Requirements for Information Display Rate 

a. Information Display Rate - The information display rate shall not exceed human perception, 
comprehension, or response capabilities. 

b. Update Rate: 

1. The rate of update of information within a display shah be a function of both task 
requirements and user capabilities. 

2. The rate of update of information shall not exceed the user’s ability to perceive changes 
in values of parameters. 

3. For slowly changing data, the system shall aid the user in attending closely to the display 
and In eli minating the need for extended fixation of the display. 

4. Items requiring dynamic visual acuity on a graphic display shall not move faster than 60 
degrees of visual E n g le per second, with 20 degrees per second preferred. 
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c. Display Freeze: 

1. A display freeze mode shall be provided to allow dose scrutiny of any selected display 
that is updated or advanced automatically by the system. 

2. An option shall be provided to allow the user to either resume the update of information 
from the point at which the display was frozen or at the current real-time point. 

3. An appropriate label or iconic symbol shall be provided to indicate to the user that die 
display is in the freeze mode. 

d. System Response Time • Whenever possible, the time for the system to respond to a user 
co mma nd or request shall not exceed 2 seconds. 

e. Keystroke Echo Response Time - Whenever possible, keystroke echo response time shall not 
exceed 0.1 second. 

9.6.S Real-Time Interaction 

9.6.3. 1 User-Computer Dialogues 

9.6.3. 1.1 Design Considerations for User-Computer Dialogues - N/A 

9.6.3. 1.2 Design Requirements for User-Computer Dialogues 

a. Dialogue Type - The choice of the type of dialogue between the user and computer (e.g., 
command language, menus, data forms, direct manipulation) shall be compatible with user 
characteristics and task requirements. The human-computer dialogue for any task shall allow 
users to execute commands in terms of the functions to be performed without concern for 
internal computer data processing, storage, or retrieval mechanisms. 

b. M"lnole dialogues - To die greatest degree possible, users shall be able to input commands 
to the system using any of the available dialogue types and shall be able to switch between 
dialogue types within a task sequence. 

c. User Viewpoint - User-computer dialogue techniques s h all reflect the user's point of view such 
that the commands are logically-related to the user’s conception of what is being done. 

d. Feedback from commands: 

1. When the completion of a command results in a consequence that is perceptible to _he 
user, the completion of the commanded action shall be the only necessary feedback. 

2. Rather than simply rejecting the entry, the system shall permit users to correct errors in 
commands, where feasible. 
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3. When the completion of a command results in a consequence that is not visible to die 
user, the system shall provide explicit feedback to the user that the commend was completed. 
The feedback shall be in the form of a message that describes the actions that resulted from 
the command in simple, direct, positive language. 

e Aim-Fire Sequence for Critical Commands - Users shall have to confirm that they want to 
perform a critical, potentially hazardous, or potentially destructive command (Including com- 
mands that would destroy stored data) before the system will execute it The confirmation 
request from the system to die user shall be positive, simple, and direct. User actions to 
enable/ arm and execute such functions shall consist of two separate and distinct commands, 
not repeat of a single command. 

9.6.3. 1.3 Command Language 

9.6.5.1.3.1 Design Considerations for Command Language ■ N/A 

9.6.3. 1.3.2 Design Requirements for Command Language 

a. Use -All users shall always have access to the command language. Additionally, the command 
language is especially well suited for 

1. Tasks with an elaborate interaction between the user and system. 

2. Highly trained, frequent system users. 

b. Standardization - The functionality, design, and operation of the command language sh all 
be standard. The standardization of the language shall include the lexicon, sgmanties, and 
syntax. 

c Command Language Terms - To the greatest degree possible, die meaning of terms in die 
command language shall correspond to English and be conveyed in a form such that additional 
resources are not required to interpret the message. The terms in the command language shall 
describe actions, object:, prepositions, and the attributes of actions or objects. 

d. Command Language Syntax - The structure of the command language shall resemble the 
structure of English as closely as possible, 

p. Distinctiveness - Command language terms shall be perceptually and semantically distinct 
from one another. 

f. Punctuation - The command language shall contain a minimum of punctuation or other 
special characters. 

g. Truncation • The user shall be able to enter the full command name or the system-spedfic 
truncated form. Truncated forms may consist of unique partial command terms, function keys, 
and command keystrokes. 

h. Command Area - Commands shall be entered and displayed in a standard command area in 
a consistent location on all displays. 
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i. Alternative Constructions - If users input alternative syntax or synonymous command lan- 
guage terms, the system shall aid the user in completing the command correctly. 

9. 6.3. 1.4 Design Requirements for Command Keystrokes 

a. Uses - Command keystrokes (Le., the use of a limited number of keystrokes combined with 
pressing a Command Key to access a command language term) shall be used primarily In cases 
where speed of command inputs is important. Other dialogue techniques shall be available, 
appropriate. 

b. Consistency across applications - The structure and meaning of keyboard commands shall 
be consistent across applications. 

9.6.3. 1.5 Design Requirements for Function Keys - N/A 

9.6.3. 1.6 Menus 

9.6.3. 1.6.1 Design Considerations for Menus - N/A 

9.6.3. 1.6.2 Design Requirements for Menus 

a. Menu Item Selection: 

1. The user shall be able to select a menu item with minimal activity. 

2. When selection is to be accomplished by cursor placement on the to-be-selected item, the 
system shall aid the user in cursor placement. For example, for a per manent men u, the 
cursor would be placed on the most likely option, usually the first pokdon. 

3. Where design constraints do not permit cursor placement, a standard input area shall be 
provided for the user to key the selected option code. 

b. Presentation of Menu Items - Menu items shall be presented in a list format Each menu 
Item, along with any associated information (e.g., selection codes and descriptors), shall be 
displayed on a single line. 

c. Organization of Menu Items - Menu items shall be organized in a logical order (e.g., similarity 
of function, expected frequency of use, temporal ordering of the task). If no logical basis exists 
for ordering items, an alphabetical order shall be used. 

d. Coding of Menu Items : 

1. When users have the capability to select a menu item by means of a coded entry, the code 
associated with the menu item shall be indicated on the display in dose spatial proximity to 
the menu item. 

2. Codes used to select menu items shall be related to the menu item so thac users do not 
have to learn arbitrary codes. 
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3. If menu items are selectable by n rea»s of keystrokes, die arrange me n t of the keystrokes 
and menu shall be compatible. 

e. Selectable Items Discriminable From Nonselectable Items - Menu Items that are available to 
be selected by the user shall be visually different from menu items that are not available In a 
given application or step in a task. 

f. For mat Co nsis tency - Menu formats shall be consistent throughout die system. 

g. Menu Availability - Menus shall be readily available to the user at all times. 

h. Movement Through Menu Hierarchies: 

1. The user shall have the capability to traverse menu hierarchies forward and backward. 

2. If several levels of menu hierarchy are presented, the use." shall be able to move from one 
level to any other level without having to step through multiple menu level. 

3. The system shall provide visual cues that indicate the path that the user has travelled 
through a hierarchy of menus. 

L Feedback: 

1. When a menu item is selected, an immediate indication that die intended item was 
selected shall be given. This indication shall not be confusable with other kinds of display 
coding. 

2. When selection of a menu item results in a continuing condition (e.g., turning on a pump 
which stays on until commanded to be shut off), a visual indication, clearly associated with 
the specific menu item, shall be provided to die user during the time that the condition 
continues. 

j. Types of Menus - Menus shall be available either as permanen t menus or us user-requested 
men os ("user-requested menus' are menus which are present only when the user specifically 
asks for them, e g., pop-up or pull-down menus). The type of menu shall be a function of the 
task requirements. 

9.6.3. 1.6.3 Permanent Mentis 

9. 6.3.1. 6.3.1 Design Considerations for Permanent Menus - N/A 

9.6.3. 1. 6.3.2 Design Requirements for Permanent Menus 
Permanent menus shall be used when: 

a. The user needs to see die menu items throughout a task. 

b. The user needs to pyamine every option in detail. 
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t The user does not have the ability to request that a menu be displayed (e.g,, in the absence 
of a pointing device) . 

d. The use of a user-requested menu would obscure information needed for a task. 

9. 6.3. 1.6. 4 User-Requested Menus 

9.6.3. 1.6.4.1 Design Considerations for User-Requested Menus - S/A 

9.6.3. 1.6.4.2 Design Requirements for User-Requested Menus 

a. Use - User-requested menus shall be used when: 

1. Display space is limited. 

2. Users need to see the menu items only when selecting them. 

3. Information required by the user would not be obscured by the menu. 

b. Menu design: 

1. The height of a menu bar (used to permit the user to request a me ' shall be sufficient 
to contain standard text characters which serve as the menu labels. 

2. Menu labels on the menu bar shall be brief, descriptive of the contents of the menu, 
physically separated from other menu labels, and semantically distinctive from other menu 
labels. 

3. Menu bars shall be placed in a consistent location in all displays. 

4. The organization of categories across the menu bar shall be logical (e-g., according to 
function or frequency of use). 

c. Activation - User-requested menus shall be displayed only after a single, specific action by 
the user. After the menu option has been selected, the menu shall revert to its hidden state. 

9.6.3. 1.7 Direct Manipulation 

9.6.3. 1.7.1 Design Considerations for Direct Manipulation • N/A 

9.6.3. 1.7.2 Design Requirements for Direct Manipulation 

a. Philosophy of Direct Manipulation - In the direct manipulation Interface, the user shall be 
able to manipulate data structures or objects directly by physically interacting with their 
graphical representation 
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b. Features of Direct Manipulation - Hie direct manipulation interface shall have the following 
characteristics: 

1. The objects of interest have continuous graphical representations (e.g., as icons and 
windows). 

2. The users accomplish functions by means of physical actions with the objects instead of 
by language-based commands. Two primary physical actions ere selecting an object and 
moving an object 

3. Operations are rapid, incremental, and reversible. The impact of an operation on the 
object of interest is immediately visible. 

c. Use - Direct manipulation shall be among the dialogue techniques used for tasks. 

1. Users have different languages. 

2. The task objects and actions lend themselves to iconic representation. 

3. Usefs are not highly practiced with the task. 

9.63. 1.7.3 Icons 

9.6.3c 1. 7.3.1 Design Considerations for Icons - N/A 

9. 6.3.1. 7.3.2 Design Requirements for Icons 

a. Icon Design : 

1. The icon shall picrorially represent the object or action. (An icon is a pictorial, pic- 
to graphic, or other symbolic representation of a software object or an action by the system. 
A user's direct manipulation cf the icon is equivalent to mani p ulating the software object or 
executing the system action.) 

2. Icons shall be identifiable and discriminable. 

3. Icons that the user can se'ect shall be sufficiently large enough to minimize selection time 
and errors. 

4. Icons shall be simple, dosed figures. 

5. Icons shall be accompanied by text labels which correspond to the term from the 
command language that describes the same object or action. The text label shall be dearly 
associated with the icon without obscuring the visual representation. 

b. Consistency - Visual features, meanings, and specific uses of icons shall be consistent within 
and among applications. 
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e. Feedback - Selecting an icon shall be acknowledged by highlighting the icon in such a way 
that the icon is not visually obscured. The icon shall remain highlighted during the time that it 
is selected. 

9.6.3. 1.7.4 Design Requirements for Actions in the Direct Manipul&tisn 
Interface 

a. Movement and Selecu., Users shall be able to move the pointing cursor to and select icons 
by the use of any available cursor control device (e,g., X-Y controllers and arrow keys). 

b. Opening - A user shall be able to "open* e selected icon by a single unique action. 

c. Initiating a Process - Users shall be able to initiate the process related to an icon (e.g., opening 
a file cr launching an application) in multiple ways: Opening the selected icon; connecting an 
object icon tc an action icon; or selecting an icon and entering a command, e,g., via the command 
language, command keystrokes, or menu. 

9.6.3. 1.7.5 Interactions with Windows 

9. 6. 3. 1.7. 5.1 Design Considerations for Interactions with Windows - N/A 

9.6.3. 1.7.5. 2 Design Requirements for Interactions with Windows 

a. Opening and Closing a Window - Users shall be able to open or close a window by direct 
physical action on the window. 

b. Topping* Windows - In a layered windowing environment, users shall be able to move a 
window in a stack co the prominent position in the stack so that its contents are visible (known 
as *popping* the window to the front). 

9.6.3. 1.8 Data Fcrma/Form Filling 

9.6.3. 1.8.1 Design Confederations for Data Forms/Torm Filling - N/A 

9.6.3. 1.8.2 Design Requirements for Data Forms/Form Filling 

a. Use - The primary uses of data forms shall be for data entry and computer command tasks 
in which information needed by the user is displayed and the user has to complete a form. 

b. Grouping • Displayed forms shall be arranged such that related items are grouped together. 

c. Format and Content Consistency - If paper forms and computer-displayed forms are used in 
concert in a data entry task, the format ami content of the two types of forms shall be compatible, 
within die constraints of the task and the differences in information format. 

d. Distinctiveness of Fields - Fields or groups of fields shall b separated by lines or other 
delineation cues. Required fields shall be distinguished from optional fields. 


ws 


NASA-STD-3000/VOL.VI 


t-J 


e. Field Labels - Field labels shall be distinctively presented such that they can be distinguished 

from both data entry fields and data entered by the user. Labels for data entry fields shall 
incorporate additional cueing of data format where the entry is made u^ of multiple inputs [e.g., 
TIME (HH/MWSS);( / _/_)]. 

f. Cursor Placement - When the form is displayed, a displayed cursor shall be positioned by the 
system at the first data entry field to which the user has to provide fop-t. The system shall 
advance the cursor to the next data field when the user has comnleted entry of the current field. 
The user shall also have the ability to move the cursor to the next field, to the previous field, or, 
independently, to any field on the form. 

g. Actions for Movement and Completion - Distinctly different actions shall be used for. 

1. Movement of the cursor forward to the next field. 

2. Movement backward to a previous field. 

3. Placing the cursor in a noncontiguous field. 

4. Indicating that the input to the t'onu is completed. 

h. Entry Length Indication - The maximum acceptable length for variable length fields shall be 
indicated on that field. However, when the Item length is variable, the user shali not haw to 
remove unused underscores. 

L Overwriting - When data entry by overwriting a set of characters in a field is tyeri, dear 
designation of overwritten characters (eg., by reverse video) shall be provided. 

j. Dimensional Units - When a consistent dimensional unit is used in a given entry field, the 
dimensional unit shall be provided and displayed by the system. 

k. User Omissions * When required data entries have not bee.- input, the omission shall be 
indicated to the user, and either immediate o r delayed input of the missing items shall be 
allowed. For delayed entry, the user shall be required to indicate to the system (eg., by entering 
a special symbol in the field) that the mining item is delayed, not overlooked. 

L Non-Entry Areas - Non-entry (protecwT' of the display shall be designated. In (he 
absence of authorization of the user, those areas shall be made inaccessible. 

m. Prevent Entry of Inappropriate Characters - An attempt to enter an inappropriate character 
into a field (e.g., entering an alphabetic character into a field reserved for entry of numeric 
characters) shall result in feedback from the system (e.g., an auditory signal and/or an error 
message). 

9.6.3. 1.8.3 Design Requirements for Default Values for Data Forms 

a. Default Values - Default values shall be used to reduce user workload. Currently defined 
default values shall be displayed automatically in their appropriate data fields with the display 
of a form. 
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b. Default Modification - The user shall have the capability of changing default values and hav ing 
those modifications retained u/ the system beyond that user interaction or session (Le., until 
changed by another specific user action). 

c. Default Substitution - The user shall be able to replace any default value during a given 
transaction without changing the default definition. 

d. User Confirmation - If required, user acceptance of stored data or defaults shall be possible 
by a single confirming keystroke. 

9. 6.3. 1.9 Question end Answer 

9.6.3.1.9.1 Design Considerations for Question and Answer • N/A 

9.6.3. 1.9.2 Design Requirements for Question and Answer 

a. Use - The uses for question and answer dialogues sL ’1 include: 

1. Highly constrained tasks in which each step of the task sequence has few choices available. 

2. Routine data or command entry tasks in which the user needs explicit prompting. 

b. Structure: 

1. The system shall provide the er with a specific request for information. A r iestion 
mark shall be the delimiter of the question from the system. 

2. The system shall provide the user with contextual information (e.g., units of measurement 
used in the answer) required for answering the question. 

3. The area in which the user can enter the answer shall be p^vided following the question 
as closely as possible. 

4. The system shall accept as much information as is provided by the user. If die input by 
the user is to be severely limited, a data form shall be used. 

5 . The system shall display related questions (and their associated answers) s ’multaneously. 
Unrelated questions (and their associated answers) shall be displayed separately. 

9.6.3.1.10 User-definable Macros • N/A 

9. 6.3. 2 Design Requirements for Movement Within User Interfaces 

a. Users Jiall be able to move the locus of their input or attention within a display by means of 
a pointing cursor. A placeholding cursor shall be available for location of placement in a display 
used for input of alphanumeric characters. 
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b. Users shall be able to move displayed information from die same data file by scrolling (Le., 
the continuous vertical or horizontal movement of displayed information). 

c. Users shall be able to locate and r ove to specific information in a data file. 

9.5.3. 2.1 Design Requirements for Position Designation (Cursor) 

a- Control - Systems employing cursor shall provide cursor control capability consistent wish 
user speed and accuracy requirements. 

b. Locating - All cursors shall be distinctive against all backgrounds and shell be easy to locate 
at eny position on a display. 

c Tracking - The cursor shall be easy for the use. to track as it is moved through the display. 

d. Distraction - The cursor shall not distract or impair the user during the search of the display 
for information unrelated to the cursor. 

e. Data Entry - An 'enter' 1 action for data items shall result in die entry of oil appropriate items 
(e.g., all data input to a data form or all text written in a text file) regardless of the placement 
of the cursor. The user shall not be required to move the cursor to any arbitrary position on the 
display (e.g., the top left or bottom right of the display). 

f. Home Position - The home position for the cursor shall be consistent across s imila r types of 
displays. 

g. Unique Shape - The shapes used for cursors shall be unique with respect to all other display 
structures. Cursors of different shapes ohall be used for different purposes; the relation between 
a cursor shape and function .thali be consistent across applications. 

h. Types of Cursor - Users shall have access ^ two functionally different types of cursors - a 
pointing cur„-jr and a placeholding cursor. 

9.6t.3.2.1,l Design Requirements for Pointing Cursor 

a. Display Priority - The pointing cursor shall be available to the user at all times. The pointing 
cursor shall obscure other characters unless this would interfere with user performance, 

b. Visual Characteristics: 

1. The pointing cursor shall net blink 

Z The pointing cursor shall maintain to size and image quality across all screen and display 
locations. 

2, To the greatest degree possible, the pointing cursor shall be completely graphic and shall 
not contain a label 
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c. Gross Movement 

1. The movement of the pointing cursor shall be systematically related to die movement of 
the cursor control device (e g,, a trackball, a joystick, a mouse, or cursor control keys). 

2. The pointing cursor shall not move in the absence of input from the user. 

3. The movement of the pointing cursor shall appear to be smooth and continuous with 
smooth and continuous movement of the cursor control device. 

d. Fine Positioning * When fine positioning accuracy is required, the displayed cursor shall 
include an appropriate point designation feature (e.g., crosshairs). 

9.6.3. 2.1.2 Design Requirements for Placebo! ding Cursor 

a. Non-Interference - The placekolding cursor shall not interfere with the reading cf tile 
character that it marks. 

b. Number of Flaceholding Cursors - Thera shall be one and only one placeholding cursor in 
each window in which a user is entering alphanumeric characters. 

c Visual Characteristics: 

1. The place h o l di ng cursor shall assume the height or width of the alphanumeric characters 
adjacent to iL 

2. If the pla c eh o lder cursor blinks, the default blink rate shall be 3 Hz. A user-selectable 
biink rate shall be within die range of 3 to 5 Hz. 

9.6.3.5.2 Design Requirements for Scrolling 

a. Method of Scrolling - Usees shall be able to scroll by only one method within an application 
- either by "moving text" (Le., the information in the display appears to move over a fixed display 
winaow) or by "panning” (Le., a window appears to move over a fixed display of information. 
Panning shall be the preferred method. 

b. Scroll Rate - The scroll rate shall allow the user to scroll in an increment of a line end shall 
provide the appearance of a smooth flow of text. 

c Direction of Scrolling - The direction that a user may be scrolling shall be evident before the 
user begins the scroll action (e.g., arrows might point in die direction that corresponds to the 
direction that scrolling will occur). 

d. Numbering • Items continued on the next page (scrolled to) shall be numbered relative to 
the last item on the previous page. 

9.6.5.2.3 Design Requirements for Paging 

a. User Control - Users shall have control over paging by use of any of several methods (e.g., 
dedicated paging function keys and a display-based paging icon) . 
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b, Paging Increments - Users shall be able to move in increments of one or multiple pages. 

c Page Numbering - Each page of a multiple page display shall be numbered to identify the 
cunently displayed page and the total number of pages. 

d. Direction of Paging - The direction that a user may page shall be evident before the user 
begins to page (e.g., separate, labeled function keys might be used for paging forward and paging 
backward). 

9.6.S.2.4 Design Requirements for Searching 

a. Objects of Search - Users shall be able to search for and move to : 

1. A specific line number. 

2. A literal string of alphanumeric characters. 

b. Multiple Occurrences • Users shall be able to find multiple occurrence of a literal string. 

9.6c3.2.5 Hypertext 

9.6.3.2.5.1 Design Considerations for Hypertext - N/A 

9. 6. 3. 2. 5. 2 Design Requirements for Hypertext 

a. Restricted Access to Authoring • Users shall only have access to authoring tools (L tools 
that allow users to create, modify, or delete the representation of information or links between 
information) if they need to have the power of those tools. Users that only need to browse (Le., 
search through a database to obtain information contained in the nodes by following links 
oetween nodes), shall not have access to authoring tools. 

b. Browsing Tools - Browsing tools shall generally use a question and answer dialogue, 

9.6.S.3 Design Requirements for Manipulating Data - M/A 

9.6.3 .3. 1 Editing 

9.6.3.3.1.1 Design Considerations for Editing - M/A 

9.6.5.3.1.2 Design Requirements for Editing 

a. Use - Users shall be able to edit only selected data files (e.g., files that they create and tiles 
specifically designated as read/write). Certain files shall be unedi table by the user. Editable 
files shall be dearly distinguishable from nonedi table files. 

b. Methods - For all editable files, the user shall be able to edit text, tables, graphics, and any 
other data by means of any of several methods (e.g., command language commands, command 
keystrokes, and menus). 


9-94 




" 7 ~ 


. — x 











NASA-STD-3000/VOLV1 


c Consistency of Procedures - All editing procedures shall be consistent in dialogue structure, 
independent cf the type of information being edited. 

d. Modifying Physical Features: 

1. The user shall have the ability to change die physical characteristics of test (e.g., the font 
type and size, italics, underlining, boldness, and capitalization). 

2. The user shall have the ability to set and modify the tab position for user-modifiable text 
files. 

3. The user shall dc able to set and modify the margins for user-modifiable text files. 

e. Insert Mode vs. Ov e r s tr ike Mode • By default, die text editor shall operate in insert mode. 
Text shall be inserted moving to the right. However, die user shall be dole to select text to be 
overstriken. 

f. Selecting Data: 

1. Users shall be able to select any editable data in any type of displayed data file (including 
text, tabular, or graphical) for specific editing functions (e.g., cutting, deletion, copying) 
with no more than two actions. 

2. The selected data shall be visually distinct from non-s elected data. 

3. Users shall be able to remove selected data from the selected state with a single action. 

g. Cutting Data: 

1. Users shall be able to remove any editable data from a displayed dam file by means of a 
’Cut" capability. 

2. After die data are removed, the text or tabular display «hail be reconstituted without a 
gap where the data were cut. Graphical displays shall be reconstituted with a gap where 
the graphical dam were removed. 

3. Users shall be able to place dam that was most recently cut at a restricted location 
in any dam file. Certain locations may be restricted from insertion « -it (or copied) dam 
(e.g., menus or die system-originated parts of dam forms). 

h. Copying Dam - Users shall be able to copy any editable dam and replicate it at any unrestricted 
location in any r 1 •’ta file. 
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L Deleting Data - Users shall be able to delete previously-selected data by simple actions 
different from other editing functions (e.g., a dedicated 'delete" command or function key). 

1. Deletion of data shall be reversible for a limited period. 

2. Deletion of critical data shall be protected by use of an "arm fire* sequence, in which the 
user has to acknowledge that the system should delete the data. 

9.6.3.S.2 Saving 

9. 6.3. 3. 2.1 Design Considerations for Saving - N/A 

9.6.3. 3. 2. 2 Design Requirements for Saving 

a. Saving Data - The user shall have the ability to save data entered into an editable data filet 

1. While continuing to interact with that file . 

2. While simultaneously exiting from that file. Two different simple actions shall be used 
for these two different types of saving data. 

b. Exiting a Kile - The user shall be able to exit a data file at any time without saving fixe changes 
to the file. 

9. 6.3.4 Design Considerations for User Guidance ° N/A 

9.6.5.4.1 Design Requirements for Consistent Terminology 

Consistent Terminology - On-line documentation, off-line documentation, and help instructions 
shall use consistent terminology. 

9.6.3c4o2 User Feedback 

9.6.3.4.2.1 Design Considerations for User Feedback 

9.6.3. 4. 2.2 Design Requirements for User Feedback 

a. Use - Clear and concise feedback shall be provided to users as necessary to provide status 
information throughout the interaction. 

b. Function Status • Feedback shall indicate actual function status. 

c. Standby - If a system process (or processes) is time-consuming and causes the screen and 
input devices to be locked out, a progress message shall be displayed and updated, if possible, 
advising the user of the time remaining for the task or of die percentage of the task completed. 
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d. Process Outcome - When a control process or sequence Is completed or aborted by the 
system, positive indication shall be presented to the user concerning the outcome of the process 
and the requirements for subsequent user action. 

e. Input Confirmation - Confirmation of user input shall occur without removing the data 
display. 

f. Highlighted Option Selection • Highlighting of data, a message, a menu item, an icon, or 
other display structure shall be used as feedback by the system to acknowledge that the u^er has 
selected the It em. 

g. User Input Rejection - If the system rejects a user’s Input, feedback shall be provided to 
indicate : 

1. The reason for r.jxdon, 

2. The required corrective action. 

3. Where appropriate, the location of the problem. 

9.6.3.4.S System Status Messages 

9.6.3.4.S»1 Bcsiga Considerations for System Status Messages - M/A 

9.6 3.4.3.2 Design Requirements for System Status Messages 

a. Operational Mode - The system shall Inform the user of the current operational mode when 
the mode might affect the user’s actions. 

b. System Changes - The system shall inform users about system design or system operation 
changes only in those aspects that may affect the user's interaction with the system. 

c. Characteristics of Status Messages: 

1. Status m usages shall be provided to the user in a consistent location on the display. 

2. The message shall contain only the information needed by the user, and conveyed to the 
user in a form such that additional resources are not required to interpret the message, e.g.: 

a) A description of the system state. 

b) Directives for user action. 

c) The consequences, if any, of failing to follow the directives, 

3. If the user will not be able to look at a display, die message shall be presented by means 
of a voice production system and shall be repeatable. 
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4. If the user needs to be alerted that a status message Is being displayed, status messages 
shall be accompanied by a consistent auditory signal The auditory signal shall be redundant 
vith the linguistic message. 

9. 6.3. 4.4 Design Requirements for Error Handling 

a. Error Correction - The system shall provide users with a simple and easy capability to correct 
errors in input Users shall be able to correct individual errors in a command string, sequence 
of commands, or data file by replacing only die erroneous input without having to re-enter 
correct input 

b. Early Detection • A capability shall be provided to facilitate detection and correction of errors 
before they arc entered into the system. In order to avoid disrupting the user, error checking 
shall occur at the earliest logical break in the user's command or data input (e.g,, at the end of 
a data field or the end of a command). 

c Ti ming of Feedback - If a user make an incorrect command or data entry, the system shall 
detect the error and notify the user within two seconds from command or data entry. 

d. Internal Software Checks - Urer errors shall be minimized by the use of internal software 
checks of user entries for the validity of the item, the sequence of entry, completeness of the 
entry, and the tange of the value. 

e. Error Message Content 

1. Error messages shall be informative, brief and conveyed to the user in a form such that 
additional resources are not required to interpret the message. 

2. The error message shall be self-contained The user shall not have to refer to external 
documents in order to interpret die error message. 

3. Ths error message shaU be constructive and neutral in tone, avoiding phrases that suggest 
a judgment of the user's behavior. 

4. To the greatest degree possible, the error message shall reflect the user's need for 
information and concept of the system, not those of die person who develops the message. 

5. Error messages shall be appropriate to the user's level of training and shall be as specific 
as possible to the user's particular application. 

6. Error messages shall explicitly provide as much diagnostic information and remedial 
direction as can be inferred reliably from the error condition. 

f. Error Recovery and Process Change - The user shall be able to stop a process at any point in 
a sequence as a result of an indicated error. The user shall be able to return easily to any step 
in a multi-step process in order to nullify an error or to effect a desired change. 
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g. Correction Entry and Confirmation - When the user enters correction of an error, such 
corrections shall be implemented only by an explicit action by the user (e,g., actuation of an 
'Enter' key). All error correction by the user shall be acknowledged by the system, either by 
indicating that a correct entry has been made or by another error message if an incorrect entry 
has been made. 

h. Spelling Errors: 

1. Spelling and other common errors shall not produce valid system commands or initiate 
transactions different from those Intended. 

2. When possible, the system shall recognize, but not execute, common misspellings of 
commands. Computer-corrected commands, values, and spellings shall be displayed and 
highlig hted for user confirmation prior to execution. 

i. Errors in Stacked Commands: 

1. To prompt for corrections of an error in stacked commands, the system shall display the 
stacked sequence with the error highlighted. 

2. Where possible, a procedure shall be provided to correct the error and salvage dm stack 

j. Location of Error Messages - Error messages shall be placed on the display dose to the point 
of the error and/or in a designated, consistent area of the display. 

9.6.S.4.5 Prompts 

9.6. 3. 4. 5.1 Design Considerations for Prompts - N/A 

9.6.3.4.5.2 Design Requirements for Prompts 

a. Use - Where appropriate, prompts and he i instructions shall be used to explain commands, 
error messages, system capabilities, display formats, procedures, and steps in a sequence. 

b. Standard Display - The location of prompts for data or commands shall be at the location 
of the desired input whenever passible. When the prompt cannot be placed at the location of 
the input, it shall be located in a standard message area. 

c. Prompt Language: 

1. Prompts shall be explidt, and the user shall not be required to memorize lengthy 
sequences or refer to secondary written procedural references. 

2. Prompts shall be conveyed to the user In a form such that additional resources are not 
required to interpret the message. They shall not require reference to coding schemes, 
external documentation, or conventions which may be unfamiliar to occasional users. 
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9. 6.3, 4. S On-line Instruction 

9. 6.3. 4. 6.1 Design Considerations for On-line Instruction - N/A 

9.6.3.4.6.2 Design Requirements for On-Line Instruction 

Access tc On-Line Documentation - For instruction, users shall have access to on-line documen- 
tation and descriptions of procedures. 

9.6.S.4.7 On-Line Help 

9.6.3. 4, 7.1 Design Considerations for On-Line Help • N/A 

9.6.?.4.7.2 Design Requirements for On-Line Help 

a. Access to Help at Any Point in a Transaction - Users shall he able to access the Help function 
at any point in their interaction with the system. Access of help shall be by any of several 
methods, Including: 

1. Help provided automatically by the system when users make repeated frequent errors. 

2. input of a command language request for help. 

3. Actuation of a ’’help” function key. 

4. Selection of a help option in a menu. 

b. System Response to Help Request - A help request from the user shall elicit a task specific 
and context sensitive response from the system. 

& Levels of Help - The Help function shall provide information at a level of detail that matches 
the needs of the user. The user shall first receive summary Information about die requested 
topic, then can request for additional detailed information in a specific subtopic or subtopics. 

d. Definitions Available - A dictionary of abbreviations, acronyms, and codes shall be available 
through the Help function, where feasible. Definitions of allowable options and ranges of values 
shall be displayed at the user's request where feasible, 

e. Help about User Dialogues - At die user's request, the Help function shall provide the user 
with basic information about the semantics and py^ax of any available user dialogue. Basic 
information shall include a structured listing containing each command, the associated keystroke 
commands and menu options, and the uses cr consequences of die command. 

f. Language of Help Messages: 

1. Help messages shall be explicit, end the user shall not be required to memorize lengthy 
sequences or refer to secondary written procedural refere nc es. 
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2. Help messages shall be conveyed to the user in a form such that additional resources are 
not required to interpret the message. 

3. Help messages shall not require reference to external documentation. 

9.6.3. 5 Design Requirements for Sequence Control 

a. Hierarchical Process: 

1. When hierarchical levels are used to control a process or sequence, the number of levels 
in depth in the hierarchy shall be minimized. 

2. Display and input formats shell be similar within levels, and the system shall indicate die 
current positions within the sequence at all times. 

3. Where it is appropriate for an experienced user to skip levels in a hierarchy, this capability 
shall be built in. 

b. Interrupt: 

1. User interrupts, processing aborts, and processing resumptions shall be allowed by the 
system. These actions shall not be modified by stored data. 

2. The users shall be able to leave the system and store then work so that, on reentry at a 
later date, they can resume where they left off. 

9.6.4 User Input 

9 6. 4.1 Design Considerations for User Input - N/A 

9.6.4. 2 Design Requirements for User Input 

a. Consistent Consequences of User Input - The consequences of any user input shall be 
consistent: 

1. For any individual user across time . 

2. From user to user. 

b. Relation of Input to Consequence -The consequences of the user’s input shall be both logically 
and temporally linVpd to the input action so that the user can leam to predict what wili happen 
following the input action. 

c. Input via a Variety of Devices - System design shall not impose on die user die -ue of a 
specific input device when other devices are available and appropriate. However, users shall 
not be required to switch among multiple devices to perform the same function within a task. 
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d. Computer Failure • In the event of computer failure, the program shall allow foi orderly 
shutdown and establishment of a check-point so restoration can he accomplished without 
significant loss of computing performed to date. 

9. 6.4.3 Design Requirements for Data Entry Design 

a. Learning • The requirement to leam mnenomics, codes, special or long sequences, or special 
instruction shall be minimized. 

b. Abbreviations, Mnemonics, Codes, and Acronyms • When abbreviations, mnemonics, cods, 
or acronyms are used to shorten data entry, they shall be distinctive and have a relationship or 
association to normal language or specific Job related terminology. 

c Length of Data Entries - The length of individual data items that are part of a required data 
input shall not be longer than is practicable, (e.g., difficult to remember while typing or tedious 
to edit). 

d. Data Entry Pate - Data entry shall be paced by the user, depending on die user's application, 
criticality of the operation, and attention span, rather than by the system. 

e. System Acknowledgment of Data Entry - The system shall provide a positive feedback to die 
user indicating the accep tance or rejection of a data entry and shall indicam the user processing 
delays of more than 15 seconds. 

f. Explicit Completion Action - Data entry shall require an explicit completion action, such as 
the depression of an ENTRY key after a string input 

g. Validation • Data entries shall be validated by the system for correct format, legal value, or 
range of values. Where data is entered in sets with die same format ami range of values, die 
entire data set shall be validated upon its completion. 

h. Input Units • Data shall be entered in units which are familiar to the user. 

i. Software-Available Data - The user shall not be required to enter data already available to 
the software. 

j. File Names - Names of files shall be distinctive and descriptive of die contents r* the files to 
aid in locating files and deterring accidental selection or deletion, of files whir 1 have similar 
names. 

k. Originator Identification • For reference, die system shall automatically associate the 
originator of a data file , text file, or message with the file’s name. 

9.6 AA Design Requirements for Interactive Control 

a. Simplicity - The relationship between data entry and displays shall be straightforward and 
explicit. Data entry actions shall be simple and direct. 

b. Accidental Actuation - Provision shall be made to prevent accidental actuation of potentially 
destructive control actions, including the possibility of accidental erasure or memory dump. 
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c. Compatibility with User Skill, User Tasks - Controls for data entry shall accommodate the 
lowest anticipated user skill level 

d. Availability of Information • Information necessary to select or enter a specific control action 
shall be available to the user when selection of that control action is appropriate. 

e. Minimized Keying - The amount of keying required shall be minimized by using numbered 
lists and abbreviations. 

f. Physical Characteristics of Selectable Items • Selectable items or regions shall not be so large 
that they waste screen space or may not be perceived as selectable. 

g. Multitasking/Multimonitor Considerations • In a multitasking environment with multiple 
monitors, controllers, or cursors, the location of the active cursor shall be apparent to the user. 
If there are two pointing cursors - one on each of two monitors - die active cursor shall be 
apparent to the user. If there is a single cursor that moves between two monitors, its path shall 
be continuously crackable, 

h. X and Y Outputs - The controller, with the exception of arrow keys or other discrete step 
keys, shall be able to produce any combination of x and y output values. 

i. X-Y-Z Control Outputs - Any controller shall bo able to produce any combination of s^, and 
z output values. Output in each of the three dimensions shall be discriminable from each other. 
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10.0 ACTIVITY CENTERS 

10.1 INTRODUCTION - N/A 

10.2 PERSONAL HYGIENE 

10.2.1 Introduction - N/A 

10.2.2 Personal Hygiene Design Considerations - N/A 

10.2.3 Personal Hygiene Design Requirements 

10.3 BODY WASTE MANAGEMENT FACILITIES 

19.3.1 Introduction - N/A 

10.3.2 Body Waste Management Facilities Design Considerations - N/A 

19.3.3 Body Waste Management Facilities Design Requirements 

10.3.3.1 Defecation and Urination Facilities Design Requirements - N/A 

10.3.3.2 Facilities for Other Waste Products Design Requirements - N/A 

10.3.3.3 Body Waste Management Accommodations Design Requirements 

1 ne following are requirements for the design of crew waste management. 

a. Fecal Collection - Fecal collection capabilities shall meet the following requirements: 

1 . The equipment shall provide crew interfaces to accommodate the collection of fecal solids, 
liquids, gases, particulates, and associated consumable material (e,g., wipes). 

2. Capacity - The fecal collection equipment shall have the following capacity: 

a) The average per person per 24 hour day amount of fecal matter which the fecal 
collection devices shall accommodate shall be 142 gm (5.0 oz) by weight and 142 ml 

(8.5 in*) by volume. 

b) The capability to accommodate a maximum of 1000 ml (61 in 3 ) of diarrhea discharge 
shall be provided. 

c) The fecal collator shall accommodate a maximum BOLUS length of 330 mm (13 
in). 


d) Quantities in excess of these amounts shall not result in an unresolvable condition. 
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3. The devices shall capture, isolate, stabilize, and sure all wastes a "i wipes generated 
during defecation. 

b. Urine Collection - Urine collection devices shall meet the following requirements. 

1. The devices shall provide crew interfaces to accommodate liquid capture arm splash 
control 

2. Capacity - The urine collection system shall neve die following capacity: 

a) Hie urine collection devices shall accommodate a maximum urine output volume of 
4000 ml (244 ( ir) per person per day 

b) The urine collection system shall be designs a to accommodate urinary discharge up 
to 800 ml (49 in 3 ) in a single micturition at a delivery rate of SO ml/sec (3 invsec). 

c) Urine volumes in excess of these amounts shall not result in an unrecoverable 
condition. 

3. The devices shal 1 capture, isolate, stabilize, and store all wastes and wipes generated 
during urination. 

c. Othur Waste Product Accommodations Readily accessiKe waste management provisions 
shall be able to collect and contain vo mitus and menses. 

d. Sanitation - The defecation and urination accommodations shall meet the following sanitation 
requirements: 

1. The devices shall prevent cross contamination among the crewmembers. 

2, The accommodations shall not connminate other areas of the Assured Crew Return 
Vehicle. 

e. Privacy- Where practical visual privacy for uiination and defecation shall be considered. 

f. Capacity - Sufficient urination and defecation accommodations and capacity shall be 
provided to allow use by the crew within mission time and schedule constraints. 

g. Anatomical Accommodation Urination and defecation devices shall be provided to accom- 
modate die physiological differences of male and female crewmembers and die anatomical size 
range of the crew. 

h. Handling of Feces and Urine - If a crewmember is required to handle urine or feces samples 
for transfer to another area, the following requirements apply. 

1. Crewmembers shall be protected from direct contact with waste mater kL 

2. Waste material odors shall be controlled. 

3. Methods shall be provided to prevent escape of waste material into the environment 
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10.4 CREW QUARTERS ■ N/A 

10.5 GALLEY AND WARDROOM - N/A 
3 0.6 MEETING FACILITY - N/A 

10.7 RECREATION FACILITY • N/A 

10.8 MICRO GRAVITY COUNTERMEASURE FACILITY - N/A 

10.9 ASSURED CREW RETURN VEHICLE CACRV) MEDICAL CAPABILITY - 

W/A 

10.10 LAUNDRY FACILITY » N/A 

10.11 TRASH MANAGEMENT FACILITY 

10.11.1 Introduction • N/A 

10.11.2 Trmh Management Facility Design Considerations - N/A 

10.3 1.3 Ti ; asb Management Facility Design Requirements 

A trash receptacle snail be provided. 

10.12 STOWAGE FACILITY 
30.12.1 Intro \ action - N/A 

10.12- 2 Stowage Facility Design Considerations - N/A 

10.12.3 Stowage Fadlity Design Requirements 

The luilowing are design requirements for the ACRV stowage facilities: 

a. Location - The following are requirements for the location of stowage areas: 

1 . Proximity - Items shall be stored as close as possible to their point of use. 

2. Safety - Hazardous items shall be stored sway f~om heat or ignition sources and away 
from crew congregation areas. 

3 Interference - Stowage facilities shall not interere with normal or emergency crew 
operations, 
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b. Accessibility: 

1. Stored items shall be accessible by the defined size range of the ACRV crew. 

2. Removal of a stored item shall not require removal of another, unrelated item. 

c. Labeling and Coding - Stowage locations and items shall be coded to allow for location, 
replacement, or inventory of items. The coding system shall allow modification. 

d. Hand Operation - Stowage retainers shall be designed to be operated by hand; no tools shall 
be required. 

e. Commonality - Latching devices, containers, and container covers shall have design com- 
monality to the maximum extent practical throughout all ACRV stowage facilities with the Space 
Station Freedom (S5F). 

l. Inventory Management - The stowage facility shall be compatible with the SSF inventory 
management system. 

g. Retention Devices - Stowage items shall be secured within the container such that the item 
remains in the container/enclosure when the container is opened. Removal of retention devices 
shall not release other items which are not required. 
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11.0 HARDWARE AND EQUIPMENT 

11.1 INTRODUCTION - N/A 

11.2 TOOLS 

11.2.1 Introduction - N/A 

11.2.2 Tool Design Considerations - N/A 

11.2.3 Tool Design W ^uirements 

11.2.3.1 Hand and Tc il Integration Design Requirements - N/A 

11.2.3.2 Tool Commonality Design Requirements 

ACRV tools shall be common with Space Station Tools for IVA and EVA mainfpnanrp. 

11.233 Tool Tetherlng/RetentioB Design Requirements - N/A 

11.2.3.4 Tool Stowage Design Requirements - N/A 

11.2.3.5 Tool Labeling and Identification Design Requirements - N/A 

11.2.3.6 Tool Access Design Requirements 

The following tool access volume and operational constraints requirements are applicable to both 
IVA and EVA hardware design (refer to Figure 11 23.6-1 for IVA requirements and Paragraph 

14.62.3 for EVA requirements): 

a. Tool Head Clearance - When only tool access is required, a 2Js cm (1 in.) clearance shall be 
provided around the fastener or drive stud for insertion, actuation, and removal of the drive end 
of the tool 

b. Tool Handle Clearance - A minimum of 7.6 cm (3 in.) shall be provided for clearance between 
a tool handle engaged on a fastener or drive stud and the nearest piece of hardware. The tool 
handle should be able to maintain this clearance through a full 180 deg. swept envelope. 

c Tool Head-to-Fastener Engagement Height - The tool socket/fastener head engagement height 
shall be ^ minimum of 0.7 cm (02 in.). 

d. Tool Handle Offset - The marimnm tool offset between die tool handle and the tool head 
shall be 35.5 cm (14 in.). 

e. Access for Tools - Minimum tool access clearance for hand tool actuation is given in Figure 
112.3.6-2. 
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11.3 DRAWERS AND BACKS 

11.3.1 Introduction - N/A 

11.8.2 Drawer and Rack Design Considerations - N/A 
ll.S.S Drawer and Rack Design Requirements 

11.3.3.1 Drawer and Rack Interfacing Requirements - N/A 

11.3.3.2 Design Requirements Common to Doth Stowage and Equipment 
Drawers 

All stowage and equipment drawers shall be designed to provide the following features: 

a. Latches/Handles/Operating Mechanisms - All latches, handles, and operating mechanisms 
shall be designed to be easily latched/unlatched and opened/'dosed with one hand by die entire 
oewtnemher population without having to use any operating instructions. 

b. Latch/Unlatch Status - The design shall be such that it is obvious when the drawer is not 
fastened/locked when in the dosed position. 

Stowage Drawer Design Requirements 

Stowage drawers shall be designed to meet the following requirements: 

a. Restraint of Contents : 

1. Drawer contents shall be restrained in such a way that the items shall not float free when 
the drawer is opened, or jam the drawer so it cannot be opened or dosed. 

2. Drawer contents shall be restrained in such a way that the contents can be 
remcved/rep laced without using a tool. 

b. Arrangement in Housing/Cabinet - Drawers shall be arranged within their housing/cabinet 
such that die most frequently accessed drawers are in the most accessible locations. 

c Access to Contents - The contents of drawers shall be arranged such that the contents are 
visible and accessible when the drawer is in the open position. 

d. Identification of Contents - In the stowed position, the contents of drawers shall be identified 
by labeling. 
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Tod handle 


Tod head 
cto are nee 

(Measured from outer 
edjt of fastener head) 


Tod head 

engagement 

heght 


Reference: 320 


Note: 

1. Aleo refer to Figure 11. 23.6-2 

2. See Figure 14. 6 . 2. 3-1 for EVA requirement* 


Min. 

7.6 cm 
(3 in) 

Ted handle 
cfcaranca 

(Measured from fastener 
centerline to nearest 
obstruction) 

Mm. of ISO deg. clearance 


Figure 11.2.3.6-1 Tool Access Requirements CIVA) 
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Opening dimeroicriB 


A 117 mm (4.6 In) 
B 107 mm (4.2 in) 


lifting common screw 
driver w*h freedom 
to turn har>d trough 




A 133 mm {3J in) 
B 115 mm (4.5 in) 


Using pflars and 
similar tools 
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135 mm (5J in) 
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wrench through 180° 


rj 

n 

A 203 mm (6,0 in) 
B 135 mm (SJ in) 

4J 


“T 

5 




* 




Uamg cpon-«r*d wrench 
with fr**tom to turn 
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1. Also refar to Figure 12J. 1.2*1 for other 
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2. Also refer to Figure 1 1 . 2,3 .6-1 


Figure 11.2.2.8-2 Minimal Clearance for Tool-Operated Fasteners 
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11*3,3.4 Equipment Drawer Design Requirements 

Equipment drawers shall be designed to meet the following requirements: 

a. Utility Connections : 

1. Tim utility connections shall be designed to be easily disco nnectay connected when the 
drawer is in the fully opened position. 

2. If the utility connection is via a flexible umbilical, sufficient cable length shall be provided 
such that the drawer can be fully opened without disconnecting die cahles. 

b. Equipment layout on Rack : 

1. Components shall be mounted in an orderly array on a two-dimensional surface, rather 
than stacked one on another (i.e., a lower layer shall not support an upper layer). 

2. Items of the same or similar form, but having different functional properties, shall be 
mounted with a standard orientation throughout the unit, but shall be readily identifiable 
and distinguishable, and shall not be physically interchangeable. 

3. Delicate items shall be located or guarded so that they will not be susceptible to damage 
while the unit is being handled or maintained. 

11.4 CLOSURES AND COVERS 

11.4.1 Introduction - M/A 

11.4.2 Closures and Covers Design Consider&ticns » M/A 

11.4.3 Closures and Coven Design Requirements 

Equipment housings (e.g., electrical bays, cabinets, lockers, and consoler) shall be designed to 
provide closures and covers for inaccessible areas. The folic /ing requirements shall apply; 

a. Sealing - The inaccessible areas shall be sealed to prevent small items from drifting into them. 

b. Removal - Closures shall be quickly and easily removed to allow maintenance of equipment 
c Securing - It shall be obvious when a closure is not secured, even though it may be in place. 

d. Loads - Nonstructurc. closures should be capable of maintaining closure and of sustaining a 
crew-imposed minimum design load of 451 N (125 Ibf) and a minimum ultimate load of 632 N 
(175 Ibf). 

e. Instructions - If the method of opening a cover is not obvious from the constxucdcn of the 
cover itself, instructions (including applicable tool instructions) shall be permanently displayed 
on the outside of the cover. 
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f. Clearance - Bulkheads, brockets, and ether units shall not interfere with removal or opening 
of covers. 

g. Application - An access cover shall be provided whenever frequent maintenance operations 
would otherwise require removing the entire esse or cover, or dismantling an item of equipment. 

h. Self-Supporting Covers - All access covers that are not completely removable shall be 
self-suppordng in the open position. 

L Ventilation Screen A as - Where ventilation screens, holes, cr grids are used, the ventilation 
surface shall be accessible for vacuuming in its installed position. 

11.5 MOUNTING HARDWARE 

11.5.1 Introduction - N/A 

11.5.2 Mounting Hardware Design Considerations - N/A 

11.5.3 Mounting Hardware Design Requirements 

11.5.3.1 General Mounting Design Requirements 

The following general requirements apply to mounting hardware: 

a. Equipment Mo unting - Equipment items shall be designed so that they cannot be mounted 
improperly. 

b. Drawers and Hinged Panels - Subsystem components which are frequently pulled out of their 
installed position for checkout shall be mounted on equipment drawers or on hinged panels. 

c. Layout - Components shall be mounted so that a minimum amo unt of place-to-place hand 
movements will be required during operations. 

d. Coven: or Panels - Removal of any replaceable item shall require opening or removing a 
minim um n umb er of covers or panels. 

e. Installation/Removal Force - Hardware mounted into a capture-type receptacle that requires 
a push-pull action shall require a force less than 156N (35 Ibf.) to install cr remove. 

f. Rear Access - Equipment to which rear access is required snail be free to open or rotate to 
their full distance travel and r emain in the "open" position without being supported by hand 

g. Tools - Whenever possible, items shall be replaceable with a common hand tocL 

h. Direction ofRemoval- Replaceable items shall be removable along a straight or slightly curved 
line, rather than through an angle. 
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L Visibility - All forward edges of the equipment Item shall be visible to th 2 restrained 
crewmember during alignment and attachment. 

j. Sp aring - Mounting bolts and fasteners shall be spaced far enough from other surfaces to 
allow personnel to manipulate them. 

k. Number of Mounting Bolts - Use the minimum number of fasteners, consistent with stress 
and vibration requirements, so that the crewmember's workload Is minimized. 

L Shims, Washers - Where shim* or washers are permitted in an IVA application, the following 
rules shall be followed: 

1. Shims shall be bound together in a shun assembly. 

2. "^im assemblies shall be tethered or restrained at the location or point of use and 
Identified as to location or point of use. 

3. A similar requirement shall be observed for washers and other loose items which are 
auxiliary connector/fastener devices. 

11. 5.3.2 Alignment Devices Design Requirements 

The following alignment methods for replaceable hardware shall be used: 

a. Ali gnmen t Marks - If proper interface orientation is not obvious by virtue of external geometry 
or if adequate visibility cannot be provided for hardware that wfll be mounted on-orbit, the 
hardware design shall incorporate alignment marks and/or oi Mentation arrows. 

1. Ali gnment marks shall be applied to both mating parts and the marks shall align when 
the parts are in the operational position. 

2. An alignment mark shall consist of a straight line of a width and length appropriate to 
the she of the item. 

3. Alignment marks shall be dearly visible to a crewmember perfor ming hardware 
removal/replacemenL 

b. Alignment Devices - Guide pins or their equivalent shall be provided to assist in alignment 
of hardware during mounting, particularly on modules that have integrated connectors. 

c Keying - All replaceable hardware shall be designed so that it will be physically Impossible 
to install it in the wrong orientation. 

d. Replaceable Hardware Identification - Replaceable hardware shall be identified with 
nomenclature that aids the crewmember in identifying the hardware name, alignment of the 
hardware; and the correct use of attaching parts. 
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11.6 HANDLES AND GRASP AREAS (FOR PORTABLE ITEMS) 

11.6.1 Introduction - N/A 

11.6.2 Handle and Grasp Area Design Considerations - N/A 
} 1.6.3 Handle and Grasp Area Design Requirements 

11.6.3.1 General Handle and Grasp Area Design Requirements 

The following general requiremer s shall be observed: 

a. Provide Handles - All removable or portable units shall be provided with handles or other 
suitable means for grasping tethering, handling, and carrying. 

b. _jtempt Items - Items less than 0.03 m 3 (1 ft 3 ) whose form factor (shape) permits them to 
be handled easily shall be exempt from die above requirement 

c. Labeling of Nonhandling Areas - Built-in features that appear to be suitable for grasp- 
ing/tethering/iestraining and are not suitable must be labeled to indicate that these features 
are not suitable for these purposes. 

11.6.3.2 Handle and Grasp Areu Location Design Requirements 

The following general location requirements of handles or grasp areas shall apply. 

a. Interference - Handles and grasp areas shall be located so that they do not interfere with 
equipment location or maintenance. 

b. Cleaivnce - Clearances shall be provided Detweer. handles and obstructions consistent with 
anthropometric requirements. 

c. Tether Attachments - Handles and grasp areas shall be suitable as tether or bracket attachment 
positions. 

d. Location • The location of handles or grasp areas shall be such that they do not constitute 
passageway hindrances or safety hazards. If they must be located in passageways they shall be 
recessed and designed to minimize chance of crewmember injury or inadvertent contact. 

e. Location/Front Access - Handles and grasp areas shall be placed on the accessible surface of 
an item consistent with the removal direction. 

11.6.3.3 Nonfixed Handles Design Requirements 

Hinged, foidout, or attachable (i.e., nonfeed) handles shall comply with the following: 

a. Locked or Use Position - Nonfeed handles shall have a stop position foi holding the handle 
perpendicular to the surface ou which it is mounted. 
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b. One-Handed Operation - Nonfixed handles «hall be capable of being placed in die use position 
by one h*nd and shall be capable of being removed or stowed with one hand. 

c. Tactile or Visual Indicators - Atrachable/removable handles shall incorporate tactile and/or 
visual indication of locked/unlocked status. 

11.6.S.4 Handle Dimensions Design Requirements 

IVA hwnrilpj; for movable or portable units Khali be desi gned in accordance with the minimum ap- 
plicable dimensions in Figure 11.63.4-1. 

11.7 RESTRAINTS 

11.7.1 Introduction - N/A 

11.7.2 Personnel Restraints 

11.7.2.1 Introduction - N/A 

11.7.2.2 Personnel Restraints Design ConsMerattoru? - N/A 

11.7.2.3 Personnel Restraints Design Requirements 

11.7.2.3.1 General Personnel Restraints Design Requirements - N/A 

11.7.2.3.2 Foot Restraint Design Requirements - N/A 

11.7.2.3.3 Body Restraint Design Requirements 

11.7.2.3.3.1 Body Restraint Donning/Doffing Design Requirements - N/A 

11.7.2.3.3.2 Body Restraint Loads Design Requirements 

The following load requirements shall apply to seat belts, shoulder harnesses, and IVA tethers: 

a. Seat Belts and Shoulder Harnesses - Seat belts and shoulder harnesses installed at stations 
designated as occupied during landing shall be designed so the occupant mBlring proper use of 
die equipment will not suffer serious injury when the m 1 lowing impact forces acting separately 
are imposed on the crewmember. These requirements are given in Figure 5333-1. 

b. Body Harnesses - Body harnesses shall have lifting attach points (p-ring) which can be used 
in lifting or hoisting the crewmember during egress operations in a one-g environment. Hie 
body harness shall be designed to support the load of the crewmember while beirg lifted or 
hoisted. The body harness can be designed to be an integral part of the seat belt and shoulder 
hamra-c restraint system or be designed as a separate harness to be worn in addition to the seat 
belt and shoulder harness r es traint system. 


Dbramiom In mm (in inch**) 
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c. Tether Attachments - !VA tether attachments shall be capable of sustaining e load of 756 N 
(170 ibf) along the longitudinal axis. They shall be designed so as to predude any side loading. 

d. Attarh Points for Tether Attachment - IVA translation and mobility handhold tether attach- 
ment a ttach points sl-xll be designed to a minimum ultimate load of 1113 N (250 Ibf) in any 
direction. 

1 1.7.2JB.3.S Body Restraint Finish and Color Design. Requirements 

Markings, labeling, and colors shall be in accordance with Paragraph 9.5. 

11.7.2.3,3.4 Body Restraint Dimensional Design Requirements 

The following dimensional requirements shall apply to all seat belts, shoulder harnesses, and 
tethers: 

a. Commonality - Seat belts. Jio< 'dec resnainL waist restraints, and tether attadiments shall 
be uniform in sue, shape, cod method of opera ion within the limits of task performance and 
other design tradeoffs. 

b. Size - Taste requirements for which the actr unent is designed shall dictate the actual size of 
the hooking and latch mechanism. 

11.7.3 Equipment Restraints 

11.7.3.1 Introduction - N/A 

11.7.5.2 Equipment Restraint Design Considerations - N/A 

11.7.3.3 Equipment Restraint Design Requirements 

Ail IVA and EVA equipment restraints shall be designed to the following requirements: 

a. Hand Operated : 

1. Equipment restraints shall be designed, such that tools are not required to attach or detach 
the restraint. 

2. Equipment restraints shall be designed such that they can be attached/detachen by either 
the left or right hand. 

b. Blind Operation • The equipment restraints shall be designed such that they can be at- 
tached/detached without having to look at them. 

c. Adjustability - Provide the capability to adjust the restraint to ath.pt to a wide range of sizes 
of the items to be restrained and to provide die user with the capability to restrain die item at 
a preferred location relative to the restraint attachment points. Thu doer not predude fixed- 
length tethers used for specific applications. 
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d. Positive Restraint • The restraint shall secure die item in such a way that the hem wOl not 
come loose di e to inadvertent touching, air currents, vehide dynamic motions, or due to c her 
predictable environmental conditions. 

e. Cause No Damage - The equipment restraint su. 11 be designed such that i* cannot pinch, 
abrade, or cut the item to be restrained or the interfacing surfaces and adjacent hardware. 

f. No Adhesive Residue - Adhesive equipment restraints shall not leave an adhesive residue on 
the item or on the spacecraft surface when the : esive restraint is detached. 

g. Tethers : 

1. Common attachment method - All equipment tethers shall use a common attachment 
method. 

2. Tether attachment points - All equipment items that require tethering shall have a 
standardized tether he * receptacle as an integral part of the itrm. This standardized 
receptacle shall also be provided on the interfacing surface m which the item i r to be secured. 

3. Tether lock sta us indication - The tether hook shall be designed in such a way that it wi 1 
be easy to recogi i> : T . hen the hook is Iccked/unlocked in both day and night lighting 
conditions. 

h. Loads : 

1. Minimum load - The minim um design load shall be based on the expected crew-imposed 
and environmental loads to be applied to the item in the normal operating conditions. 

2. Maximum load - The maximum design load shall be oased on the resultant load imposed 
by a crewmember attempting to dislodge a restrained item that has become entrapped in 
adjacent hardware. The stress of this activity should not exceed the design ktadcf die surfeit 
to which die restraint is attached oi the design load of die entrapping hardware (Lc., the 
restraint should break before the item, attachm ent surface, of entrapping hardware breaks) . 

i. Color - Equipment restraints sliaH be of a standardized color to distinguish them firm other 
types of loose equipment or items tha. will be restrained. 

j. Commonality - Provide commonality of design for equipment restraints to the mnximun. 
extent possible. 

L Individual Restraints : 

1. Individual restt v is shall be designed to restrain one hardware item only. 

2. Individual restraints shall be used when the restraiucu item is large in size, sensitive, or 
delicate or when attachments are difficult or complex in operation. 
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L Group Restraints : 

1. Group restr aints shall be used to restrain like-sized items wherever possible, 

2. Group restraints shall provide a system that allows the removal of one item at a time. 

m. Throw-Away Res-uints - Any restraint device that is utilised during vehicle launch, and upon 
activation or usage removal is discarded, shall meet the following requirements: 

1. Large throw-away restraints shall be designed to be mm apart or be of soft, crush able 
ma terials tz> accommodate the openings of onboard trash collection/disposal systems. 

2. lu - throw-away restraints shall be color coded as a throw-away item. 

n. Velcro - When Velcro is used as a restraint, the item to be restrained will be equipped with 
hook-type Velcro and the restraining surface will be equipped with pile-type Velcro. 

11.8 MOBILITY AID? 

11.8.1 Introduction - N/A 

11.8.2 Persoenel Mobility Aids 

ll.E.2.1 Handhold and Handrail Design Considerations - N/A 

11.8.2.2 Handhold and Hanilrafi Design Requirements 

This section provides the design requirements for handholds and handrails. These requirements 
shall apply to both IVA and EVA applications ercepi where EVA-unique requirements are specifi- 
cally identified. 

11.8.2.2.1 Handhold and Handrail Dimensions Design Requirements 

All handholds and handrails shall adhere to uie following cross- section design requirements: 

a, S tandardizatio n - f^Tyguap frinTial dh ngnsi ona a fhi.ndfcnlds and handrafk shall h«» s tandardize d 
throughout die space module to provide a uniform fcu ^rface for mounting items such as brackets 
and tether hooks. 

b. Cross-Section Shape - Handholds and handrails cross-rection shape shall be designed such 
that the crewmember’s hand or attached bracket! will be stabilized (Le., drcuter cross-section 
shall not be used). 

C. IVA Handhold Minimum Dimensions - AH IVA handholds shall have a minimum of 14 em fS.S 
in.) grip length and a minimum of 3.3 cm (1.5 in.) clearance between the lower surface of the 
handg rip and die surface on which it is mounted. (Reference figure 11.8.2.2.1-1.) 
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11.8.2.2.2 Handhold and Eandfall Coding Design Requirements 

Handholds and handrail coding shall be such dial the crew may locate them with ease: 

a. S tandar d Color - The color of all handhold-s/handrails shall he fi rRndflnriiTpd wi thin dip spacp 
vehicle, 

b. Contrast Ratio - The color valve shall have a contrast ratio of 3:1 or greater with the 
background. 

C. Dfaringiilching Cnlnr - The handhnld/handrnfl shall hp dtoringukhflhlp frnrn dip cnrmrmdfrig 

area. 

11.8.2.2.3 Handhold and Handrail Finish Design Requirements 

Handhold and handrail tezture shall be such that the crew may locate thpm by feel and grasp 
them with ease: 

a. Identical Finish - The finish of all handholds/handrails shall be identical to enhance identifica- 
tion. 

b. Safety • Handholds and handrails shall have a smooth surfee: with no buns, sharp edges, or 
protrusions. 

c Durability - The finish of all handholds and handrails shall be r&istaiu to scratches, wear, 
flaking, and cealing. 
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11.8.2.2.4 Handhold and Handrail Design Loads Design Requirenseatai 

All fixed and portable IVA handholds and handrails shall be designed to a minimum ultimate 
load of 11 13 N (250 Ibf) applied in any direction without failure or damage that precludes full 
utilization by crewmembers. 

11.8.2.2.5 Handhold end Handrail Temperature Design Requirements - 
N/A 

11. B. 2.2. 6 Handhold aad Handrail Mounting Design leffllgeaeBts 
The following requirements shall apply to all handhold and handrail mounting: 

a. Stability - All fixed and portable handholds and handrail* shall be designed so that when 
install ed there is no instability (Leu, looseness, vibration, or slippage). 

b. Portable Handhold and Handrail Lode Status Indication - Portable handhold and handrail* 
shall provide a positive indication of w? ten they are in the locked position. 

c. Visibility and Accessibility - Handholds and handrails shall be mounted so that they are dearly 
visible and accessible. 

d. Handhold Removal - Fixed handholds shall be removable with common tools. 

e. Safety - Handrails and associated mounting provisions shall be designed so as to predude 
snagging of body, clothing, and/or loose equipment (e.g., cables). Loose equipment shall not 
interfere with the operation of the equipment. 

21.8.3 Equipment Mobility Aids 

11^3.1 Equipment Mobility Aid Design Considerations » N/A 

ll.S.3,2 Equipment Mobility Aid Design Requirements 

The following equipment mobility and requirements are applicable to both IVA and EVA: 

a. Maximum Movable Equipment Size - Equipment size shall be limited to die dimensions and 
configuration of the smallest hatch or opening through which the equipment must pass. 

b. Access - Design shall provide adequate area around the mass for manipulation and visibility. 

c Containers for Small Items - Containers shall be provided for simultaneous transfer of small 
equipment items. 

1. Single items shall be individually removable 

2. The container shall be easily attached to the crewmember and space module at the 
worksite. 
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d. Bump Protection - Bump protection shall be provided. Bump protectors shall be designed so 
they can be used as mobility aids. 

11.9 FASTENERS 

11.9.1 Introduction - N/A 

11.9.2 Fastener Design Considerations - N/A 

11.9.3 Fastener Design Requirements 

This section provides the fastener design requirements. Paragraph 11.9-3.1 provides general fas- 
tener design requirements. Paragraph 11.932 provides requirements that are applicable to 
hand -actuated fasteners. Paragraph 11.933 provides requirements that pertain to tool-actuated 
fasteners. Paragraph 11.93.4 provides die design requirements that pertain to IVA fasteners. 

11. 9.3.1 General Fastener Design Requirements 

This section provides the fastener design requirements that pertain to both IVA and EVA applica- 
tions. 


a. Commonality- The mimhcrand rihraraityof fasteners shall hf minimized mmmpnmnitp with 
the structural requirements imposed by the physical environments. 

b. Easily Distinguishable - Where different types of fasteners must be used, they shall be such 
that they are readily distinguishable from each other. 

c Hand-Actuated Fasteners Preferred - Hand-actuated fasteners shall be given p ref erence over 
tool-actuated fasteners, provided that size, location, and structural constraints are met. 

d. Other Devices in lieu of Fasteners - Optimum use shall be made of mechanical devices (e.g., 
hinges and tongue-and-slot catches) to minimize the numb er of fasteners. 

e. Captive Fasteners - AH fastener components intended for crew interaction shall be captive. 
All replaceable fasteners shall be amenable to loose parts control and a means of fasten er 

co ntainment and/or restr aint shall hr incorpo rated in the fastener rpmnvHl/rpp lacpmerrr system, 

L Accessibility : 

1. Location Near Comers -Fasteners shall be located far enough away from internal comers, 
wall edges, flanges, etc., that they can be manipulated with ease. 

2. Separation - Fasteners shall be located far enough apart so there is adequate hand or tool 
clearance. 

3. Location Near Adjacent Equipment - If a component is to be mounted near other pieces 
of equipment, fasteners shall be located away from the edges tf the adjacent equipment, 
obstructions, or surfaces that will prevent the attachment of tools. 
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4. direct Access - Locate fasteners so that they can be actuated without removing other parts 
or units first 

5. Access Holts - Covers or shields through which mounting fasteners must pass for 
attachment to the basic chassis of the unit shall have lane enough holes for passage of the 
fastener without precise alignment (and tool/hand if tool/hand is required to replace). 

g. One Handed Actuation - All fasteners stall be designed to be actuated by one hand. 

h. En g a gement Status indication - Incorrect en g a gement of fasteners shall be apparent. 

L Multiple Fasteners : 

1. Number of Fasteners - When several fasteners are required, the design shall use the 
minimum n umb er of the largest size fasteners of identical type. 

2. Arrangement - When several fasteners are used an one item, they shall be arranged so 
that die unit can be assembled in only die correct manner. 

j. Saisty - Fasteners shall be designed so as to predude injury to the crewmember when die 
fastener is released. 

k. Labeling - Appropriate markings shall be placed an fasteners that can be actuated by either 
hand or tool. 

L Replacement - All fasteners shall be designed for on-orbit replacement 

11.9.S.2 Hand-Actuated Fastener Design Requirements 

In addition to the general fastener design requirements given in Paragraph 11.9.3.1, IVA and 
EVA hand -actuated fasteners shall be designed to the following requirements: 

a. One-Hand ed/Either-Hand Actuation • Hand-actuated fasteners shall be designed to be 
actuated by one hand and by either the left or right hand. 

b. Designed for Launch and On-Orbit - Fasteners shall be designed to meet die launch loads as 
well as on-orbit loads. 

c Fastener Knobs - Fastener knobs shall be textured. 

d. Quick-Opening Fasteners - Quick-opening captive fasteners shall: 

1. Require a maximum of one complete turn to operate (quarter-turn fasteners are 
preferred). 


2. Require only one hand to operate. 

3. Be positive locking in open and dosed position. 
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e. Locking Threaded Fastener - Hand-actuated threaded fasteners shall have a locking feature 
that provides an audible, tactile, or visual feedback to the crewmember. Such locking features 
shall assure that threaded fasteners will not un-thread themselves without crew actuation. 

f. pin Fasteners (TVA) - Locking devices used in conjunction with pin fasteners shall be made 
accessible and easily visible. 

g. Over-Center latches : 

1. Non-self-latching - Over-center latches shall indude a provision to prevent undesired 
latch element realignment, interference, or reengagement. 

2. Latch lock - Whenever possible, latch catches shall be spring loaded to lock on contact, 
rather than using a positive locking device. If positive locking is necessary, provide a latch 
loop and locking action. 

3. Latch handles - If die latch has a handle, locate the Latch release on, or near the handle 
so it can be operated with one hand. 

h. Safety Wire - Safety wires shall not be used on fasteners. 

11.9.3.3 Tool-Actuated Fastener Design Requirements 

In addition to die general fastener design requirements given in Paragraph 11.93.1, IVA and 
EVA tool-actuated fasteners shall meet the following design requirements: 

a. Nonstandard Tools - Fasteners requiring nonstandard tools shall not be 

b. High-Torque Fasteners (IVA Only) - External hex or exter nal double-hex fas tener heads are 
preferred and they shall be provided on all machine screws, bolts, or other fasteners requiring 
more than 14 Nm (10 ft-Ibs) of torque. Internal wrenching fasteners shall be Allen-head-type 
fasteners. 

c Low-Torque Fasteners : 

1. Hex-type internal grip head, hex-type external grip head, or combination-head (hex or 
straight-slot internal grip and hot-type external grip head) fasteners shall be used where 
less than 14 Nm (10 ft-lb) of torque is required. 

2. Internal-grip head fasteners shall be provided only where a str aight- or convex smooth 
surface is required. 

3. No straight-slot or Phillips-type internal grip fasteners shall be used. 

d. Precision Torquing - When possible, design equipment so that precise torque on fasteners is 
not required. Where precise torque or preload k required, use fasteners that incorporate 
torque-indicating features or that will mate with appropriate on-board torquing tools. 
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shall be provided in reasonable proximity to the fasteners. 

f. Number of Turns - When machine screws or bolts are required, the number of turns and die 
amount of torque shall be no more than necessary to provide the required strength. 

g. Fastener Head Length (TVA Only) - Fastener heads shall be as short as possible so they will 
not snag personnel dnthtng or equipment. 

h. Left-Hand Threads - Left-hand threads shall not be used unless system requirements demand 
them; then identify both the bolts and nuts dearly by use of markings, shape, color, etc. 

i. Locking - Threaded fasteners shall incorporate features that allow them to be lnrfeprf so that 
they will no: unthread without using a tooL 

j. Hand Tool Operable - All fasteners installed with power tools shall be removable with a 
hand-operated touL 

11.9.3.4 IVA Fastener Design Requirements 

In addition to the fastener design requirements given in Paragraphs 11.93.1 through 11.933, 
all IVA fasteners shall meet die following requir ements : 

a. Fastener Lubrication - IVA fasteners that require lubrication shall use an approved lubricant 
or plating mateiiaL 

b. Cadmium P lating - Cadmium-plated IVA fasteners shall not be used. 

c. Wing-Head Fasteners - Wing-head IVA fasteners shall fold down and be retained flush with 
surfaces so they will not snag personnel, clothing, or equipment. 

d. Cotter Keys : 

1. Fit - Keys and pins shall fit snugly without requiring being driven in or out using a tooL 

2. Large heads - Cotter keys shall have large heads for easy removal by hand. 

3. Cotter keys shall not be used EVA. 

e. Access - Minimal requirements for access and/or clearance areas for tcol-atfuated fasteners 
shall be as shown in Figures 1133.6-1 and -2. 

f. Tool-Actuated Fastener Head Types - In addition to the general tool-actuated fastener design 
requirements given in Paragraph 11.93.3, the following IVA-spedfk tool-actuated fagftm ez 
selection requirements shall apply: 

(NOTE: Special mission or program requirements may create the need to use other types of 
fastener heads than those listed below.) 
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1. Fastener heads directly exposed to crew impact "hall meet die requirements for burn, 
edges, and sharp comers, or shall bs provided with prot e ctive covers or they shall be flush 
with surface. 

2. Fastener heads not ciirectly exposed to crew impact within habitability and stowage areas 
shall be internal or external hex head. 

g. Due to Potential toxicity/particulate contamination hazards associated with the use of 
and-sieze and positive locking compounds, designers should avoid the need for the use of such 
chemicals, if at all possible. 

11.10 CONNECTORS 

11.10.1 Introduction ■ N/A 

11.10.2 Connector Design Considerations - N/A 

11.10.3 Connector Design Requirements 

All types of IV A and EVA connectors shall meet the following general requirements: 

a. One-Handed Operation - All connectors, whether operated by hand or tool, shall be designed 
so they can be mated/demated using one hand. 

b. Accessibility - It shall be possible to mate/demate or replace individual connectors without 
having to remove or replace other connectors. Quick Disconnects (QDs) that are designed to 
be operated under pressure will not require pressure/flow indicators. 

11.10.3.1 Fluid Connectors Design Requirements 

All IVA and EVA liquid and gas connectors shall be designed to meet the following requirements: 

a. Fluid Line Connectors - All brazed or welded gas and liquid Hne* shall be provided with 
convenient-to-use, permanently installed connectors that permit on-orbit maintenance. 

b. Indication of Pressure Flow - All liquid and gas lines shall be provided with a positive 
indication of die gas press urc/fluid flow to verify that the line is passive before disconnection 
of connectors. Quick Disconnects (QDs) that are designed to be operated under pressure will 
not require pressure/flow indications. 

c. Fluid Loss • Liquid and gas connectors shall be designed to mfajmira escape or loss of fluids, 
particularly any toxic materials, during connect or disconnect operations. 

11.10.3.2 Electrical Connectors Design Requirements 

All IVA and EVA electrical connectors shall comply with die following general requirements. 

a. Ease of Disconnect • Electrical connector plugs shall require no more than one turn of 
disconnect or some other quick disconnect design shall be provided. 
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b. Self- Locking - Electrical connector plugs wKall provide a seif-iocking safety catch. 

c Access - Electrical connectors and cable installations shall be designed with sufficient 
flexibility, length, and protection to permit disconnection and reconnection without damage to 
wiring or connectors. 

d. Arc Containment - Electrical connector plugs shall be designed to confine/isolate the 
mate/demate electrical arcs or sparks. 

e. Contact Orientation - All efforts shall be made to arrange contacts within connectors such 
that when the connectors are demated ther e wifl be no voltage potential on exposed male pins. 

11.10.3.3 Structural Connectors Design Requirements 

All IVA and EVA structural connectors shall meet the following requirements: 

a. Alignment Provisions • AH structural connectors shall incorporate alignment features. 

b. Soft Latching - AH structural connectors shall provide the capability to "soft-latch* prior to 
full firm connection or full release 

c. Lock Indication - AH structural connectors wHl provide an indication of positive locking. 

11.10*3.4 Optical Connectors Design Requirements 

AH fiber optic connectors shaH be designed so that proper geometric Alignment and abutment 
maintains signal fidelity. 

11.10.3.5 Connector Identification/Alignment Design Requirements 

Connectors shall be selected, designed, and installed so they cannot be mismsted or cross-con- 
nected. The following requirements arc applicable: 

a. Connector Shape - Use connectors that are dearly different and physically incompatible 
when lines differ in content (Le., different voltages, liquids, gases). 

b. Alignment Provisions: 

1. Mating connectors shaH be provided with ali g nin g pins or equivalent devices to aid in 
alignment and to predude inserting in other than die desired orientation. 

2. If ali g nin g pins are used on Electrical connectors, they shaH extend beyond the plug’s 
electrical pins to ensure that alignment is obtained before die electrical pins engage. 

c. Keying’ 

1. Symmetrical arrangement of aligning pins or keys shall be avoided to prevent connectors 
from being mkmated. 
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2. The mechanic^ keyB shall prevent incorrect connection with other accessible connectors, 
plugs, or receptacles. 

d. Alignment marks: 

1. Alignment marks shall be applied to meting parts if the proper interface orientation is 
not obvious by virtue of geometry. 

2. The marks shall consist of a straight line of a width and length appropriate to dm size of 
the items and shall be located so as to be easily seen by the crewmember both before and 
after mating/demating operations. 

e. Coding: 

1. Both halves of mating connectors shall display a code or identifier unique to dial 
connection. 

2. Labels or codes on connectors and associated item.; shall be located so they ate visible 
when connected or disconnected. 

f. Pin Identification - Each pin shall be dearly identified in each electrical plug and sadi 
electrical receptacle. 

g. Orientation - Grouped plugs and receptacles shall be oriented so that the ali g nin g pins or 
equivalent devices are in the same relative position (Le., all keyed connectors oriented the same 
direction - key up). 

h. Loose Hoses or Cables: 

1. If the connectors on the ends of a loose electrical cable or fluid hose are not identical, 
each end shall be uniquely identified to prevent improper usage. 

2. The loose ends of hoses and cables shall be restrained to prevent them from floating out 
of reach and to avoid injury to crewmembers and damage to equipment. 

11.10*3.6 Connector Arrangement Desigr Requirements 

All types of IV A and EVA connectors shall comply with the following arrangement and spacing re- 
quirements: 

a. Hand Access - Connectors shall be spaced far enough apart so that they can be grasped firmly 
far connecting and disconnecting. 

b. Adjacent Connectors or Obstructions - Space between a connector and any adjacent obstruc- 
tion shall be compatible with the size and shape of the plugs. 

c. Single Hows - Connectors in a single row which require removal and replacement by the crew 
OVA) shall be a minimum of 25 mm (1 in.) apart (edge-to-edge) for hand access during 
alignment and insertion. A separation of 41 mm (1.6 in.) is required for EVA and preferred for 
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IVA. (See Figure 11.10 J. 6-1). 

d. Staggered Rows - Staggered rows of connectors shall be a minimum of 64 mm (2J> in) apart 
- IVA and EVA, (see Figure 11.10 .3. 6-2). 

e. TojIs ■ If a tool is used, the hand access dmranre is std required to feeflltate initial ali gnment 
by hand. 

11.11 WINDOWS 

11.11.1 Introduction - H/A 

11.11.2 Window Design Considerations ■ N/A 

11.11.3 Window Design Requirements 

This section provides the design requirements for the optical characteristics, visual protection, 
and maintenance for windows to be utilized in the Assured Crew Return Vehicle. These require- 
ments apply to test conditions prior to launch. 


Single row 



Reference: 1, Figure 3.6-5, pege 3.6-5 
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Figure 1 1 .10.3.6-1 Preferred Spacing of Single 

Row of Connectors 
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Staggered rows 
f- ■ S4 mm 12.5 in) 

T 

64 mm (2.5 in) 

o 

54 mm (2.5 in) 

i 

Reference: 1, Figure 3.6*6, page 3.6-5 

Figure 1 1. 10.3.6-2 Preferred Spacing of Staggered 

Rows of Connectors 
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11.11.3.1 General Viewing Window 'lequirements 

11.11.3.1.1 Window Size 

Hatch windows shall be a minimum of 20.3 cm (8 in) diameter. Other windows (if required) 
shall be sized appropriately to satisfy mission requirements. 

11.11.3.1.2 Surface Reflections 

a. Windows shall be designed such that specular reflectance from each air-glass interface shall 
not exceed 1.5 percent for light incident on the surface. 

b. When anti-reflection coatings are applied to windows, they shall not cause resolution 
degradation exceeding .007 mr (1.5 arc seconds). 

11.11.3.1.3 Optical Characteristics 

At completiou of manufacture, the window panes, with all accepted coatings shall meet die fol- 
lowing optical requirements within the dear viewing area. 

a. Deviation at any point on the window panes shall not *»yrewl 1 . 4.5 mr (5 arc minutes). 
Tempered window panes shall not exceed 2.9 mr (10 arc minute*). 

b. Distortion of all types of window ma erials shall not exceed a plane slope of 1:24. 

( c. Haze of the uncoated window pane for all thickness s hall not be greater than 2%, 

d. Warp and Bow • All glass window panes shall not exhibit warp or bow greater than 0.030 
inch per linear foot of the gla« 

e. Surface Parallelism - The surface parallelism between multipanes of window sys tems shall 
not exceed 0.58 mr (2 arc minutes) 6 um inner surface to outer surface of the complete assembly. 

11.11.3.1.4 Optical Density 

Each pane shall be manufactured so flat when multi panes form a window group the following 
transmittance shall be met 

a. Infrared - The optical density shall be greater than one for wavelengths between 850 and 
10O0 nanometers (less than 1 J%). For wavelengths greater than 1000 nanometers, the 
transmittance shall be less than 8 %. 

b. Ultraviolet -The optical density shall be greater than three for wavelengths between 320 and 
230 nanometers. The optics, density shall be greater than four for wavelengths between 190 
and 280 nanometers. 

c. Visible -In the region between 420 and 850 nanometers, the transmittance through a window 
composite shall no : be I ss that 70%. The transmissivity shall not vary more than 25% for 
incident angles between the window surface and LOS’S ranging from 30 to 60 degrees. 
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11.11.3.1.5 Surface Quality 

The surface of each window pane shall be such that digs shall not exceed 0.122 an (0.050 in- 
ches) diameter and scratches shall not exceed 0.0015 cm (0.0006 inch) deep. Chips shall not ex- 
ceed 0.078 cm (0.032 inch) in surface penetration and 0.04 cm (0.016 inch) in thickness. 

11.11.3.1.6 Bubbles, Seeds 

The mnrimnm number of open seeds per surface shall not exceed three and shall not exceed 

0.1225 cm (0.050 in dp in diameter. Open seeds shall be si xd a minimum of two indies apart. 

a. Size and Density - Seeds and bubbles shall not exceed 0.2 an (0.08 inch) in diameter or 
exceed a total number of 5 per cubic inch. 

b. Striae • Striae shall not exceed a diameter of 0.2 cm (0.080 inch) and ure HmtupH to no more 
than 2 per square inch. 

c. Inclusions - Inclusions shall not exceed 027 an (0.15 indi) in diameter and mo^ than I per 
cubic inch. 

11.11.3.2 Scientific Window Design Requirements - N/A 

11.11.3.3 Visual Protection Design Requirements 

The window design shall meet the following requirements: 


a. Sun Shields/Shades: 

1. Sun shields- All viewing windows shall be provided with crew-operated, opaque sun 
shields capable of restricting all sunlight hum entering die habitable compartments. 

2. External sun shades r^dtiotiftig- If external shades are designed to cast a shadow over 
a window, they shall be provided with a means to U. lamotely repositioned by the window 
user. 

b. Radiation Protection - The sun shade, whether internal or external, shall be capable of 
reflecting radiant energy awny hum the window assembly. 

11.11.3.4 Physical Protection Design Requirements 

Window design shall meet die following surface contamination and breakage requirements 
which are imposed to ensure that die windows can be used for the intended observation func- 
tions and that the ACKV pressure integrity is mafatnlneri; 

a. External Surface Contamination Protection - Window design shall tab* into account all 
sources of external contamination and shall provide means for cleaning or replacing when 
degradation exceeds optical transmissivity requirements. 
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b. Be tween-Pane Contamination Protection • Window design shall take into account all sources 
of contamination that car. occur between the transparency panes and shall provide a means for 
preventing or minimizing optical degradation due to these contaminants. 

c Internal Surface Contamination Protection • Window design shall take into account all sources 
of internal surface contamination and provide means for preventing or minimising optical 
degradation due to these contaminants. 

1. Antifogging -All innermost panes shall be designed for antifog protection such that breath 
condensation does not occur from a mouth-to-pane distance of 10 cm (4 in.). 

2. Tnn Er P nnp roarings - Thp innerm ost pimp shall hnvn nn m ating^ Prrpp t frir antireflprriv n 

coatings. 

d. Impact Load Protection - The window assembly shall be capable of withstanding a blunt 
object impact load of 550 N (125 Ibf) from eny angle of incidence. 

11.11.3.5 Window M aintenance Design Requirements 

The following window maintenance requirements are imposed to minimise the crew workload 
and prevent degradation of the optical qualities of the window. Where surface scratching, pit- 
ting, or staining cannot be prevented by other means, provide removable window protective sur- 
faces. 

11.12 PACKAGING 

11.12.1 Introduction - P£/A 

11.12.2 Packaging Design Considerations - N/A 

11.12.3 Packaging Design Requirements 

All IVA and EVA packaging shall meet the following deafe n requirements: 

a. Compatible With Stowage - All p ackaging form must conform tn the atnwagn spare m nrPflhlp 

b. Compatible With Environments - All packaging must be able to resist physical environment 
exposure to which it will be exposed during ground handling, ground and air transportation and 
launch, on-orbit and (if returnable) entry operations. 

c Compatible With Contents - All p ackag in g must be able to resist the physical characteristics 
of its contents for the maximum time duration for which the contents must be parirng wi- 

& Compatible With Trash Disposal System - All non-reusable p ackag in g must be compatible 
with die trash collection and disposal system. 

e. Packaging Restraint • Provide means for physically attnriring ox restraining die package at 
all locations where die package may have to be temporarily placed waring use. 
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f. Labeling - All packages shall be cleariy labeled as to their contents, 

g. Inventory Control Compatibility - All packages shall be designed to Incorporate die coding 
features required by the Inventory control system. 

h. Ease of Use: 

1. All packaging shall be designed to be usable without extensive manipulation of the 
pprkaging materials. 

2. All packaging shall be designed to provide efficient and convenient means of opening 
and where necessary, dosing/resealing the package. 

L Sizing - All packages shall be sized to be optimally suited for ease of handling and rate of 
consumption. 

j. Hazards: 

1. Packaging that incorporates pull-tabs, lids, and other easy opening features shall be 
designed such that the crewmember will not be injured during normal use of the feature. 

2. Packaging materials shall not introduce contaminants into the atmosphere. 

k. Loose Packaging Materials - Loose, void-filling materials shall not be used within a package. 

L Mobility Aids * Provide interfaces on the package for the attachment of equipment mobility 
aids if necessary for the application. 

11.13 CEKW PERSONAL EQUIPMENT 

11.14 CABLE MANAGEMENT 

11.14.1 Introduction - N/A 

11.14.2 Cable Management Design Considerations - N/A 

11.14.3 Cable Manag ement Deriga Bgqqig esaaitS 
The following cable management design requirements shall apply: 

a. Routing - Cables shall be routed so that they. 

1. Cannot be pinched by doors, lids, or slides. 

2. Will not be used as a translation device in a mi aograv it y environment. 

3. Will not be bent sharply when connected or disconnected. 


NASA-STD-3000/VOLVI 




4. Arc accessible to the crewmember. 

5. Do not Infringe Into the operational envelope nor constitute a safety hazard (Le^ sagging, 
hooking, etc.). 

b. Cable Clamps - Long conductors, bundles, or cables, shall be secured by means of clamps 
unless they are contained in wiring ducts or cable retractors. 

c. Identification - Cables shall be labeled to indicate the equipment to which they belong and 
die connectors with which they mate. All replaceable wires and cables shall be uniquely 
identified with distinct number or color codes in accordance with Paragraph 9.5.3, Labeling and 
Ceding Deign Requirements. 

d. Location of Tat or Other Cables - If it is f*«enrinl that test, experiment, cr other cables 
terminate on control or display panel junction boxes or a crewmember, the receptacles and cable 
routing shall be designed such that die cables will not interfere with controls, displays, or the 
aewmembers. 

e. Coding - Cables co ntaining individually insulated mndurtfin; with a mmmrm sheath shall he 
coded. 

f. Protection - Guards or other protection shall be provided for easily damaged conductors such 
as waveguides, high-frequency cables, or ins ulated high-voltage rahW 

g. Retention - The ends of cable which will be disconnected freq uently shall have retention 
provisions. 
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13.0 DESIGN FOE MAINTAINABILITY 

12.1 INTRODUCTION ■ N/A 

12.2 DESIGN FOE. MAINTAINABILITY DESIGN CONSIDERATIONS - N/A 

12.3 DESIGN FOR MAINTAINABILITY DESIGN REQUIREMENTS 
12,3.1 Equipment Design Requirements 

All flight hardware and software shall be designed to facilitate on-orbit maintenance, check-out 
and shall be compatible with ground maintenance capabilities. 

Equipment design shall minimize both mr.fatgnance complexity and time requirements for main- 
tenance. 

All equipment shall be compatible with the standard SSFP tool list Maintenance skills required 
for ACRV shall be compatible with SSFP s kills requirements. 

Equipment design for maintenance shall consider IVA as the prime resource, maintenance by 
EVA shall be contingency only. 


General requirements to be ! 


’ are presented below. 


a Maintenance shall be considered only during ai .ached operations. 

b. Independence - Systems and subsystems shall be as functionally, mechanically, electrically, 
and electronically independent as practical to facilitate mnintprmnnp 

c. Maintenance Support Services - Maintenance support services ( e.g., electrical outlets) shall 
be accessible at potential problem locations or at a designated maintenance location. 

d. Hazardous Conditions - System design shall prechide the introduction of hazardous condi- 
tions during maintenance procedures. 

e. Non-Cri^cal Operations - Non-critical systems shall be designed to operate in degraded 
modes v. 'a awaiting maintenance. Degraded mode operation shall not cause additional 
dam* to the system or aggravate the original fault. 

f. Redundancy Loss - Notificrtion of loss of operational redundancy shall be provided immedi- 
ately to die crew. 

g. Quick Release Fasteners - Quick release fasteners shall be used where consistent with other 
requirement (e.g., strength, sealing). 
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h. Restraints - Personnel and equipment mobility aids and reftrcints shall be presided cc support 
maintenance. 

L Soldering, Welding, and Brazing - Soldering, welding, brazing, and similar operations during 
maintenance shall be considered. 


Design requirements for physical access to equi pment for the purpose of maintainability are 
provided below. 

a. Relative Accessibility - Items most critical to system operation and which require rapid 
maintenance shaH be most accessible. When relative criticality is not a factor, items requiring 
most frequent access shall be most accessible. 

h. Access Dimensions - The minimum sizes for access openings for two hands, one hand, and 
fingers are shown in Figure 12J3.1JM. 

c Access - Access to inspect or replace an item (e.g^ anORU) shall not require removal of mare 
than one access covrr. 

d. Mounted Components - When feasible, components shall be no more than one deep in a bay 
or rack. 

e. Shape - Accesses shall be designed to the shape that will enable the crewmember tc do his/her 
job and not be limited only to conventional shapes. 

f. Number of Accesses - Whenever possible, one large access shall be provided rather than a 
number of small one*. 

g. Protective Edges - Protective edges or fillets shall be provided on accesses that might injure 
crewmembers or their equipment. 

h. Damage Inspection and Repair - Where feasible, the design of structures and equipment, 
including their interfaces and all portions of the pressure shell, bulkheads, and seals shall be 
accessible for damage inspection and repair. This shall apply to exterior as well as to interior 
surfaces, 

L Use of Tools and Test Equipment - Check points, adjustment points, test points, shifts, 
connectors, and labels shall be accessible and visible during maintenance. Sufficient space shall 
be provided for the use of test equipment and other required tools without difficulty or hararcL 

j. Service Points for Fluid Systems - Service points for filling draining, and purging or bleeding 
shall be in accessible locations. 

k. Plug Connectors - Full access shall be provided to plug connectors. 

L Cables : 

1. Cable access - Cables shall be routed so as to be readily accessible for inspection and repair. 
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2. C'^ble trays - Wire harness and fluid Hnps mounted in cable trays shall be located for ready 
access, 

3. Cable loops - Panel, console, and raci-mounted components shall have slack cable lengths 
or maintenance loops sufficient for removal of the connectors after the component has been 
extracted from its installed location, unless adequate internal acce s s (physical and visual) is 
provided. 

4. Cable Routing - Cables shall not be routed external to the fare of the equipment rack. 

m. Fuses and Circuit Breakers - Fuses and circuit breakers shall be readily accessible for removal, 
replacement and resetting. The condition of fuses (good or blown) shall be readily discemable 
without having to remove the fuse. 

n. Structural Members - Structural components of units or chassis shall not prevent access to 
or removal of equipment. 

o. Fold-Out/Pull Out Drawers and Cabinets - Fold-Out/pull-out drawers and cabinets shall be 
used where possible to provide ease of access. 

p. Slide-Out Stops - limit stops shall be provided on racks and drawers which are required to 
be pulled out of their installed positions for maintenance. The limit stop ,’esign shall permit 
convenient overriding of stops for unit removal. 

q. Hazardous Conditions - If a hazardous condition exists behind an access, a safety indicator 
shall be provided. 

r. Covers - Where physical access is required, one of the following practices shall be followed, 
with the order of preference as given. 

1. Provide a sliding or hinged cap or door where debris, moisture, or other foreign materials 
might otherwise create a problem. 

2. Provide a quick-opening cover plate in a cap that will meet stress requirements. 

s. Self-Supporting Covers - All access covers that are not completely removable shall be 
self-supporting in the open position. 

t Rear Access - Sliding, rotating, or hinged equipment to which rear access is require^ shall be 
fro to open or rotate its full distance. 

12.3.1.3 Visual Access Design Requirements 

Requirements for visual access are provided below. 

a. Visual Access - Where visual access only Is required, die following practices shall be followed 
with the order' of preference as given. 

1. Provide an opening with no cover except where this might degrade system performance. 
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2. Provide a transparent window if dirt, moisture, or other foreign materials might create 
a problem. 

3. Provide a quick-opening metal cover if a transparent cover will not meet stress or other 
requirements. 

b. Visual and Manual A ccess - If the crewmember has to be able to see the task, design of the 

shall be large enough to allow simultaneous visual as well as physical access; otherwise 
a separate window shall be provided for visual access to m o nit o r ta s k perfor manc e . 

c. Labeling: 

1. Access labeling - Each equipment access shall be labeled to indicate items visible or 
accessible through it 

2. Visibility - Relevant labels and mounting instructions shall be visible during all main- 
tenance activities. 

3. Identification labels - Each access shall be labeled with a number, letter, or other symbol 
which is directly cross-referenced to the maintenance procedures. 

4. Plug configuration labels - When a plug-in device has to be inserted through a hole with 
limited visual access, a label adjacent to the access shall indicate how die pins on the device 
will align with the holes in the soc'"~ 

5. Component identification labels - Electrical cables, fluid lines, and other subsystem 
protective shields shall be labeled or otherwise coded to allow for positive identification. 

6. Hazard labels - Accesses shall be labeled with appropriate hazard labels, advising of any 
hazard existing beyond the access and stating necessary precautions. 

7. Hinged cover labels - If instructions applying to a covered hem are lettered on a hinged 
door, the lettering shall be oriented to be read by the crewmember performing maintenance 
when the doer is opened. 

d. Fluid and Gas Line Connectors - Where feasible, fluid and gas connectors shall be loca te d 
and configured so they can be inspected, and so that any leakage is obvious. 

12*3.1.4 Removal, Replacement and Modularity Design Requirements 

Design requirements for removal, replacement, and modularity are provided below. 

a. Removal - Systems and subsystems shall be designed so that failed Orbital Replacement Units 
(ORLTs) can be removed without damaging or disturbing other components. 

b. Surface Removal - Replaceable units shall be designed for removal through the surface feeing 
the crewmember as he works on the equipment. 
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c. Independence • Where feasible, it shall not he necessary to remove or disable an operable 
unit to obtain access to a defective replaceable unit, 

d. Component Labeling - Each removable component and its position cn the unit shall be labeled 
with corresponding n umb ers or other identification. 

e. Isolation Valves - Subsystems that contain liquids or high pressure gases (pressures exceeding 
125 pda) and require maintenance shall be provide! with isolation or disconnect valves to permit 
isolation and servicing and to aid in leak detection. 

f. Spillage control - Replaceable units shall be designed to control spillage and the release of 
gases during removal or replacement 

g. Energized Units - Replaceable units and payloads which supply or receive energy shall be 
designed so that the power can be removed before repair, removal, or replacement is attempted. 
If stored energy can pose a hazard, provisions shall be made for its dissipation prior to 
maintenance. 

h. Fastener Coatings - Paint and/or coatings shall not adversely affect removal or installation 
of fasteners. 

L Short Life Components - Easy replacement shall be provided for components that fail 
frequently (e.g., lamps and fusts). 

j. Guide Pins - For mounting and replacement of replaceable units, guides and guide pins shah 
be provided for alignment. 

k. Replacement Specificity * All replaceable items shall be designed so that it will be physically 
impossible to insert the unit incorrectly. 

L Related Items - Items of the same or similar form which, have different functional properties 
shall be readily identifiable and distinguishable, and shall not be physically inrart hangpahlp 
This indication shall be readily discemable with die component in its installed position. 

m. Plug-In Installation - Plug-in type hardware installation and mounting techniques shall be 
employed. 

12.3.2 Testability Design Requirements - NZA 

12.3.2.1 Fault Detection and Isolation Design Requirements - N/A 

12.3.2.2 Test Point Design Requirements 

Design requirements for test points are provided below. 

a. Self-Checking - Appropriate test points shall be provided where a unit is not completely 
self-checking. 

b. Proximiiy - Test points shall be provided at or near mainrenanrp locations. 
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c. Adjustment - Test points used in adjusting a unit shall be in physical and visual proximity of 
the controls and displays used in the instrument 

d. Labeling - Each test point shall be dearly labeled with a description of its function, or, at a 
minimum , with a code n umb er keyed to the maintenance manual. 

e. Warning Labels - Test points shall be marked with appropriate warning labels when the 
application of conventional test probes could cause damage to internal circuits (e.g., integrated 
circuits) or injury to personnel. 

f. Troubleshooting - Sufficient test points shall be provided so that it will not be necessary to 
lemove sub-assemblies to accomplish troubleshooting/fault diagnosis. 

g. Test Cable Termination - If it is essential that test cables terminate on control and display 
panels, the panel test receptades shall be lou-.ted so that the test cables will not interfere with 
controls and displays. 

h. Layout - Primary test points shall be grouped in a line or matrix that reflects the sequence of 
tests to be performed. 

i. Grouping - A control pand or a series of functionally autonomous panels shall be used to 
group test points whenever possible. 

j. Testing and Servicing - Rear plug connectors shall be accessible for testing and servicing except 
where precluded by potting, sealing, or other requirements. 
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13. D FACILITY MANAGEMENT 

13.1 INTRODUCTION - N/A 

13.2 HOUSEKEEPING 

13.2.1 Introduction - N/A 

13.2.2 Housekeeping Design Considerations - N/A 

13.2.3 Housekeeping Design Requirements 

13.2.3.1 General Housekeeping Design Requirements 

All systems shall be designed to minimise the need for housekeeping. The following general re- 
quirements shall be observed: 

a. Contamination Control During Ground Handling - The greatest practicable precautions shall 
be taken to ensure freedom from debris and surface contamination within the ACRV and 
individual systems and components during the ground operations from manufacture to launch. 

b. Surface Materials - Materials used for exposed interior surfaces shall be selected to minimiz e 
particulate and microbial contamination and be easy to dean (i.e., shall be smooth, solid, 
nonporous). 

c. Grids and Uneven Surfaces - Grids and uneven surfaces shall either not be used or they shall 
be easy to remove and easy to rW»«n 

d. Cracks and Crevi tes - All interior structural surfaces and equipment shall be free of narrow 
openings and crevi r es that can collect liquid or particulate matter or that require a special tool 
for deaning. 

e. Closures - Closures shall be provided for any area that cannot be easily deaned. 

13.2.3.2 Surface Cleaning Design Requirements - N/A 
13.2.3.S Vacuum Cleaning Design Requirements - N/A 
13.2.3.4 Air Filter Design Requirements 

Filters used in the air revitalization system and air-cooled equipment collect airborne debris and, 
therefore, become an indirect but important element of the housekeeping system. Equipment fil- 
ters shall be designed to provide the following housekeeping features: 

a. Access - Air filters (grids, screens, filter surfaces) shall be readily accessible for deaning and 
replacement without disturbance of collected material 
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b. Configuration - Nondisposable air filters shall be configured to allow than to be cleaned by 
a vacuum cleaner attachment 

c. Filter Condition - The design of the air filter shall incorporate die means to inform the crew 
of the overall condition of the filter (e.g., visual feedback, DH.TA F s e n s o r). 
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14.0 EXTRAVEHICULAR ACTIVITY (EVA) 

14.1 GENERAL EVA INFORMATION 

14.1.1 General EVA Information ^troduction - N.'A 

14.1.2 General EVA Design Considerations - N/A 

14.1.3 General EVA Safety Design Requirements 

EVA crew safety shall be the paramount consideration in all EVA tasks. Though no planned EVA 
will occur during ACRV operational activities, during quiescent periods Space Station avrwmembers 
may have EVA requirements on or around the ACRV (periodic maintenance, for example) . Ap- 
propriate safety provisions must be designed into ACRV to account for this Space Station EVA on or 
around ACRV. 

The following EVA safety requirements are ,i compilation of general design features that shall 
be included in systems to ensure the safety of the crew and space module equipment. The following 
safety requ_emrnts shall be followed to ensure the safeiy of the EVA orewmembers: 


a. Temperatures - Surface temperatures of space module components requiring ZVA interfac 0 
shall be compatible with the touch-temperature limits of the pressure suit d ■sigt being used. 

b. Edges and Protrusions - All space module equipment and structures requiring pa EVA Interface 
must either be designed to preclude sharp edges or protr' dons, or must be covered to protect 
the crewmember and the crewmember’s critical support equipment 

c. Hazardous Equipment - Potentially hazardous items that could injure EVa crewmembers or 
damage EVA equipment by entrapment, snagging, tearing, puncturing, cutting, burning, or 
abrading shall be designed to ensure elimination of, or protection from, the h azard. 

d. Transmitters - Procedures shall be developed to protect crewmembers during EVA approaches 
that may result in harmf ul exposures to the non-ionizing radiation being emitted from all 
high-power electromagnetic EM wave transmitters (microwave, radar, later, radio, UV/IR visible 
lamps) on or in the space module with exterior antennas or external apertures. 

c. Tethers - EVA crewmembers shall be safety tethered to the space module at all times in 
roicrogravity, unless they are in a free- flying maneuvering unit or otherwise suitably restrained. 

f. Electrical Voltage - The EVA crewmember shall be protected against electric voltage shocks 
from inadvertent grounding of electric circuits and from electrical discharge resulting from static 
charge build-up. 

14.2 EVA PHYSJOLOGY 

14.2.1 Introduction - N/A 

14.2.2 EVA Fir riologic&i Design Considerations - N/A 
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14.2.3 EVA Physiological Design Requirements 

This section includes design requirements for the physiological aspects of EVA. 

14.3 EVA ANTHROPOMETRY ■ M/A 

14.4 EVA WORKSTATIONS AND RESTRAINTS 

14.4.1 Introduction - N/A 

14.4.2 EVA Workstation and Restraint Design Considerations - N/A 

14.4.3 EVA Workstation and Restraint Design requirements 

14 . 4 . 3.1 EV Work Envelope Design Requirements - N/A 

14.4.3.2 EVA Control and Display Design Requirements • N/A 

14.4.3.3 EVA Workstation Lighting Design Requirements - N/A 

14.4.3.4 EVA Crew Restraint Design Requirements 

The use and design of EVA crew restraints shall conform to the following requirements: 

a. Force Exertion - Foot restraints shall be used for actuation or operation of equipment which 
requires the crewmember to exert forces exceeding those given in Figure 14.4.3.4-1. EVA waist 
tether restraint system may be used when actuation or operation of equipment does not require 
'* xes end durations greater titan those specified in Figure 14.4J3.4-1. 

b. Foot Restraints - EVA foot restraints shall: 

1. Be designed to permit easy insertion and removal of pressure suit boots by the crewman - 
ber. 

2. Accommodate all boot sizes without adjustment during use. 

3. Require a deliberate action for removal of a boon 

4. Provide a contingency me'hod for removal of a j amm ed boot from a foot restraint 

5. Provide the capability to r> .’ct to loads applied by the crewmember. 
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c EVA Safety Tethers and Safety Hooks - Tethers and tether hooks shall: 

1. Have a handle that will fit the gloved hand of a space-suited crewmember, allow die 
hook to be free for utilization, and have a minimum length of 9.5 cm (3.75 in.). 

2. Have design features that indicate whether the latch lock is engaged or disengaged, and 
to indicate direction for engaging and disengaging the lock. 

3. Safety tether attachment hooks shall be removed and attachable by one-handed opera- 
tion and employ a redundant lode feature such as push-to-open buttons that must be 
operated to disengage or release a tether. 

4. Provide a contingency method for removal of a snagged tether or release of a crewmem- 
ber from a tether hook. 

14,4.3.5 EVA Equipment Tether Design Requirements 
EVA equipment tethers shall be design to the following requirements: 

a. One-Handed Operations - All EVA equipment tethers sb li be designed such that tether 
attachment and removal methods permit one-handed operation using a pressure suit glove. 

b. Common Attachment Point - All equipment tethers shall use a common attachment method. 


Linear force 

Duration 

4.4 N (1.0 Ibf) 

4.5 tec 

22.2 N (5.0 Ibf) 

2.1 tec 

44.5 N (10.0 Ibf) 

1.4 esc 


Reference: 253. page 5*9 


Note: 

The maximum distance through which fore** may be 
*pp(ied is 81 cm (24 in) £ 

'C 

> 

Figure 14.4.3.4-1 Maximum Forces and Duration 
Capable of a Tethered but 
Free-Floating EVA Crewmember 
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c. Tether Attachment Points - AIL equipment items Ehall be provided a standardised tether hook 
receptacle which is an integral pert of each item and is compatible with NASA equipment This 
standardized receptacle shall also be provided on the interfacing surface to which the item is to 
be secured. 

d. Tether Lock Status Indicator - The tether lock shall be designed in such a way that it will he 
easy to recognize when the hook is locked/unlocked in both day end night li ghting conditions. 

14.5 EVA MOBILITY AND TRANSLATION 

14.5.1 Ifslroduetion - N/A 

14-5.2 KVA Mobility sad Transii&ioa Desigs CkHteiderailcms - N/A 

14.5.3 EVA Mobility aad Translation Design Requirements 

14.5.3. 1 EVA Translation Route Design Requirements 
EVA translation routes shall conform to the following requirements; 


a. Equipment - .All equipment located along EVA translation routes shall be designed to 
withstand repeated use as mobility aids, or the equipment shall be guarded or protected. There 
shall be no protrusions, comers, or sharp edges along EVA translation routes. 

b. Translation and Mobility Aids : 

1 . Mobility aids shall be i tented at terminal points and direction change points on established 
crew translation paths. 

2. Mobility aids shall be placed in all locations where equipment is not sva^-ble as a 
substitute. 

3. For EVA translation, mobility aids shall not be separated by mere than 90 cm (36 in.). 
The preferred spacing is 60 cm (24 in.). 

c Handholds: 

1 . The orientation of translation and mobility handholds shall be such that die body position 
normally assumed to perform a task may be attained, and that normal body movement may 
be accommodated. 

2. They shall also be oriented such that the plane formed by the handho ld Inngfr-.i dinal avic 
and the cross-section major aids is approximately parallel with die body torso frontal plane. 

d. Danger Warnings: 

1. Translation and mobility handholds located within 30.5 cm (12 in.) of fli ght equipment 
shall be identified and color ooded (regarding danger of injury to the crewmember due to 
equipment failure) . 
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2. Equipment located along translation routes that could be damaged by a translating 
crewmember shall be identified and color coded. 

e. Cross Section of the Tr anslati on Route - the dimension of the translation route (see Figure 
14.5.3.1-1) shall not be smaller than the dimension required for the EVA crewmember to reverse 
direction (EMU height -I- clearance). The exceptions to this are: 

1. Corridors where access is possible from either side and the length is no more than twice 
the length of the small est EVA suited crewmember. 

2. Corridors that have a tyres from at least one end and are not longer than the shortest EVA 
suited crewmember. 

f. Equipment Access ibility - Translation and mobility handholds shall be positioned such that 
crew-operated equipment and consoles are accessible and are not obstructed visually or 
physically by the handholds. 

14.5.3.2 EVA Mobility Aids Design Requirements 

EVA handholds/i landrails shall conform to the following design requirements: 

a. dimensions - EVA handhold and handrail dimensions shall conform to Figure 14.5 .3.2-1. 

b. Mo unting Clearance - The minimum clearance distance between the low surface of the 
handrail/handhold and the mo unting surface is 5.7 cm (2J£5 in.). 

c Spacing for Translation - For EVA translation, handholds/handrails shall not be separated 
more than 92 cm (36 in.). Maximum spacing of 61 cm (24 in.) is preferred. 

d. Spacing for Worksites - Handrails/handholds shall not exceed 45.8 cm (18 in.) above or 
below the shoulder or 61 an (24 in.) to the left or right of the body centerline when working in 
a foot-restraint position. 

e. Safety Tether Anarhmpm - KVA handrafiy handhnldii will prm mm ndatp Ksfety rather hooks 
at a sparing not to exceed 90 cm (36 in) preferred 60 cm (24 in). 

f. Color - EVA hanrihold-s/handrails shall minim ize specular reflection and shall be a standard 
color throughout the spats modules, be dearly visible, and have a high visual contrast with the 
background. 

g. Temperature - Surface temperature of EVA handhrlds/handrails shall be compatible with 
the touch-temperature limits required by the space suit glove. 

14.5*3.3 EVA Translation Restraints Design Requirements 

Except for free flying maneuvering unit operation, EVA crewmembers in microgravity environ- 
ments shall always be attached or otherwise restrained to the space module. Safety tether points 
shall be located as follows: 
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R*fererter 1, Flgurj 41-8, page 41-3 

100, T»W< 111-1, p~" BO jn 

Hat* DSiwIoik A- M5ea (♦/- 0.801a! « 

Figure 14 . j. 3.2-1 Standard EYA Handhold 
Olsen slon. ' Require Bents 


a. Translation Routes - No more than 90 an (36 between EVA translation aids, 60 an (24 
in.) preferred. 

b. Direction Change - At either side of a directional change in equipment transfer or a distinct 
hand -off point 

c Equipment Transfer Paths - At the extreme ends of equipment transfer paths. 

<L Tethers and Tether Hooks - Translation route tethers and tether hooks p-hall conform to the 
requirements in Paragraph 14.4.3.5, EVA Crew Restraint Design Requirements. 
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